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September 14. 1989 
0385H:SM:mls 

INTRODUCED BY: North 

PREAMBLE: 

PROPOSED NO. 

9190 
ORDINANCE NO. 

AN ORDINANCE relating to the adoption of 
the 1987 edition of the Northwest Energy 
Code Standards, and other standards 
regulating the use of energy in buildings 
and structures in unincorporated King 
County, amending K.C.C. 16.04.050 and 
Ordinance 3647, Section 6 as amended. 

King County within the incorporated area of the county may 
adopt by reference recognized codes and their compilations 
relating to construction of buildings. 

The adoption of energy codes which enable the effective use 
of electrical and other forms of heat in new building 
construction will provide for a more effective utilization 
of electrical energy and conserve other energy resources 
which would be in the best interest of the public. 

The energy surplus in the Northwest is disappearing as the 
population increases and the economy expands. Energy 
efficiency will reduce the pressure for future rate 
increases and will stretch our current clean energy 
efficient resources into the future. 

The Bonneville Power Administration Solicitation No. 
DE-PS79-89BP 93,000, entitled the Northwest Energy Code 
Program, includes reimbursement provisions for the 
administration and enforcement of the Northwest Energy Code 
regulating the use of electrical energy as well as some 
reimbursement of additional cost to the builder and 
consumer for conservation components attributable to 
compliance with the model conservation standards in order 
to e~courage affordable housing for entry level consumers. 

The council further finds that consumption of and efficient 
use of natural gas and oil is environmentally and 
economically sound public policy. 

Therefore, the county finds it in the public interest to 
adopt- the Northwest Energy Code .. 

BE IT ORDAINED BY THE COUNCIL OF KING COUNTY: 

SECTION 1. K.C.C. 16.04.050 and Ordinance 3647, Section 6 as 

am~nded are hereby amended as follows: 

The 1987 edition of the Northwest Energy Code regulating the 

use of electrical energy (as set forth in Attachment A attached 
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9190 
the King County modifications to the 1985 editions of the Uniform 

Building Code, Uniform Mechanical Code, Uniform Housing Code, and 

Uniform Code for the Abatement of Dangerous Buildings are adopted 

as part of the code. 

SECTION 2. The effective date shall be July 1, 1990, or when 

a contract providing for reimbursement as set forth in the 

Northwest Energy Program can be successfully negotiated with the 

Bonneville Power Administration whichever is later. 

SECTION 3. Notwithstanding the implementation of the 

10 Northwest Energy Code regulating electrically space-heated 

11 construction, the 1986 State Energy Code (second edition) shall 

12 continue to apply' to all non-electricalJy space-heated residentia 

B and non-residential construction provided that: 

14 A. New re~idential buildings which are space-heated with all 

15 other forms of space heating not covered by the Northwest Energy 

16 Code, shall be designed to achieve energy use equivalent to energ 

V use achieved in typical buildings constructed with: 

18 1. Ceiling insulated to a level of R-30 (R value includes 

19 insulation only); 

20 2. Walls insulated to a level of R-19 (R value includes 

21 insulation only), or constructed with two by four members, R-13 

22 insulatio~ batts, R-3.2 sheathing, and other normal assembly 

23 components; 

24 3. Below grade walls, insulated on the interior side, to a 

25 level of R-J9 (R value includes insulation only), or if insulated 

26 on the exterior side, to a level of R-10; 

27 4. Floors over unheated space insulated to a level of R-19 

28 (R value includes insulation only); 

29 5. Slab on grade floors insulated to a level of R-10 at th 

30 perimeter; 
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6. Heat pumps with a minimum heating season performance 

factor (HSPF) of 6.8 or with all other energy sources with a 

minimum annual fuel utilization efficiency (AFUE) of seventy-e;gh 

4 percent; 

5 7. Double glazed windows with values not more than U-0.65; 

6 when tested per AAMA standard #1503.1 - 88; and 

7 ·8. The maximum glazing area shall be twenty-one percent of 

8 the floor area. For purposes of determining equivalent thermal 

9 perf~rmance the maximum glazing area shall be fifteen percent of 

10 the floor area. 

11 SECTION 4. The executive is authorized to negotiate a 

12 contract with Bonneville Power Administration to implement this 

13 ordinance. 
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/ oft, INTRODUCED AND READ for the first time this 0 

of Sf. t2t~ bee- , 1 9 '8'<1 
day 

I ~1 PASSED this 30-(h day of Ocl"rfbt;y , 19 . 

ATTEST~~~ 

-------------------------
KING COUNTY COUNCIL 
KING COUNTY, WASHINGTON 

day of , 19 5~ 
--~~~~~-----------

xecutlve 
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SAKPLE ORDINANCE FOR ADOPTION OF THE 

NORTHWEST ENERGY CODE AND STANDARDS 

ORDINANCE NO. 

An ordinance of the ___ (iYrlsdic~~_) ___ adopting the 19B7 
edition of the Northwest Energy Code and the 1987 edition of the 
Northwest Energy Code Standards regulating the use of electrical 
energy in all bUIldings or structures in the (jurisdiction) 
providing for penalties for the violation thereof, repealing 
Ordinance No. of the ....---iiurisdiction) and all other 
ordinances and parts of the ordinances in tonflict lherewith. 

The (governing body) of the __ ~(~j~uLr~i~s~d~i~c~t~i~o~n~) __ ~does 
ordain as follows: 

Section 1. Thal certain documents, three (3) 
which are on file and are open for inspection of the 
the office of the (jurisdiction's keeper of recordsl 

jurisdiction being ~arked and designated as: 

copies of 
public in 

of the 

Northwest Energy Code 1987 edition. published bv the 
Bonneville Power Ad~ini~tration and Standards listed in Chapter B 
of this specified Northwest Energy Code. includinq the Appendix 
Chapters _________ IFill in the applicable Appendix chapters--
see code section 103, last paragraph.) 

Section 2. (Incorporate penalties for violations. See 
Section 205). 

Section 3. That Ordinance No. of _~sdictiCJn) 

entitled Ifill in the title of buildinq ordinance or ordinances 
in effect at the present ti~e) and all other ordinances or parts 
of ordinances in conflict herewith are hereby repealed. 

Section 4. That if any section, subsection. sentence, 
clause or phrase of this ordinance is, for any reason. held to be 
invalid or unconstitutional. such decision shall not affect the 
validity or constitutionality of the remaining portions of this 
ordinance. The ---.-.!..!tover-ning bod~_hereby declares that it 
would have passed this ordinance, and each section. subsection. 
clause or phrase hereof, irrespective of the fact that anyone or 
more sections. subsections, sentences, clauses and phrases be 
declared unconstitutional. 

Section 5. That the ~isdiction's kee_p.gr __ B.Lllcord~ 
is hereby ordered and directed to cause this ordinance to be 
published. (An additional provision may be required to direct 
the number of times the ordinance is to be published and tD 
specify that it is to be in a newspaper in general circulation. 

1 ii 



Posting may also be required.l 

Section 6. That this ordinance and the rules. regulations, 
provIsIons, requIrements, orders and matters established and 
adopted hereby shall take effect and be in full force and effect 

(time periodl from and after the date of its final passage 
and adoption. 

i v 



FOREWORD 

The development of this "Northwest Energy Code" which are 
amendments to the Model Energy Code, 1986 edition, was sponsored 
by the Bonneville Power Administration (SPA). Information on 
this document may be obtained from BPA, PO 80x 3621, Portland, OR 
97208. 

This document contains amendments to the Council of American 
Building Officials' (CABO) Model Energy Code (MEC), 1986 Edition. 
A copy of the MEC can be obtained from CABO at 1201 One Skyline 
Place. 5205 Leesburg Pike, Falls Church, Virginia 22041, 
telephone (703)931-4533; International Conference of Building 
Officials (ICBO) 5360 South Workman Mill Road, Whittier, CA 
90601; Northwest Regional Office lCBO, 12505 Bellevue-Redmond, 
Suite 208, Bellevue, WA 98005, telephone (206)451-9541; 

This code has been designed to be as compatible as possible 
with state and local regulations and is intended to stand alone 
as a code for those who desire a complete energy code. For those 
who want a document designed as if it were a chapter in the 
"Uniform Building Code" a related document has been prepared by 
BPA and is available from the Northwest ICBO Office. 

~h~~-~e~~-~~: this line-out means that the MEC language 
is deleted. 

-->: this arrow means that more than one 
deletion has been made. 
this is language developed by BPA. 

Where none of the above symbols occur, the text is exactly 
reprinted fro~ the MEC. 

DISCLAIMER 

The Bonneville Power Administration acknowledges that 
although these a.endments use the sa~e format as The Model Energy 
Code, 1986 edition, published and copyrighted by CABO, the 
technical requirements contained therein ARE NOT THE SAME AS THE 
"ODEL ENERGY CODE and are NOT based on a national consensus. 
These amendments are designed to be used with and compatible with 
the Model Energy Code, 1986 edition. The provisions of this 
code do not consider the efficiency of various energy forms al 
they are delivered to the building envelope, i.e., delivered 
energy efficiency. The appropriate factor for delivered energy-
efficiency should be considered prior to the se~ection of the 
mechanical, electrical, illumination systems, and energy form fDr 
specific uses. A determinatiDn of delivered energy efficiencies 
when used in conjunction with this code will provide the most 
efficient use of available energy in new building construction. 
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1987 Edition NNEC 

CHAPTER I 

AD"INISTRATION AND ENFORCE"ENT 

SECTION 101 

SCOPE AND GENERAL REQUIRE"ENTS 

101.1 Title 

This cod~ shall be known as the Northwest EnerQY Code. ~nd lay 
be cited as such. It is referred to herein as "this coue". 

101.2 Intent 

The provisions of this code shall regulate the design of 
building envelopes for adequate thermal resistance and low air 
leakage and the design and selection of mechanical. electrical, 
service water heating and illumination systems and equipment 
which will enable effective use of electric energy in new 
building construction. 

It is intended that these provIsions provide flexibility to 
permit the use of innovative approaches and techniques to achieve 
effective utilization of electric energy. These provisions are 
structured to permit co~pliance with the intent of this code by 
anyone of the ~~~e~ four paths of design: 

1. A systems approach for the entire building and its energy
using subsystems,Chapter _: or 

2. A component performance approach for various building 
elements and mechanical systems and components, Chapter 5; 
or 

3. Spee~fred-.e~ep~8~~e--p~~etiee, A prescriptive requirements 
approa~h, Chapter b: or 

4. A component point system approach, Chapter 7. 

Subject to the limits which apply to each Chapter compliance 
with anyone of these paths meets the intent of this code, fh*~ 

~od@-*~-"ot-*"t@"d@d-to-ebr*dg@--~sf@ty,-heetth--or-e"v*rO"~~"t8t 

r~qH*r~m@nt~-reqH*r@d-tlnder-other-8ppt*~sbte-~ode~-or-ord*"s"~e~. 

This code is intended to supplement the provisions of the 
Uniform Building Code, the Uniform Mechanical Code, and the 
National Electric Code, and in case of conflict between this code 
and any of those codes with respect to the efficient us~ of 
electricity, the provisions of those codes shall apply. In any 



1987 Edi tion NIIEC 

case "here a Federal, state Dr local code Dr regulation e.ceeds 
this code's requirements wIth respect Lo securing more efficient 
use of electric energy, that code or .regulatlon shall apply. 

101.3 Scope 

This [ode sets forLh minimum reQuirements for the design of 
new buildings and structures Dr portions thereof and additions, 
alterations ""d rep"ir to exishng bui ldings that provide 
facilities or shelter for public assembly, educational, business, 
merc"nlile, institutional, storage and residential occupancies, 
as well _5 those portions of factory and industrial occupancies, 
designed primarily for human occupancy by regulating their 
exterior envelopes and the selection of their HVAC, service water 
heating, electrical distribution and illuminating svstems and 
equipment for effective use of elect~ic energy. 

Buildings shall be designed to comply with the re4uirements of 
Chapter 4, 5. 6, or 7 of this code, 

Wherever in this code reference IS 
provisions in the appendiX sh~ll not 
adopted. 

made to the appendix, the 
apply unless specifically 

101.3.1 Exeapt Buildings. Buildings .nd structures or 
portions thereof meeting any of the follOWing criteria shall be ~ 
e~empt from the building envelope requirements of Section 502, 
602, and 702. However, the energy usage from all sourtes shall 
be included in any analysis performed pursuant to Chapter 4. 

101.3.1.1 Building~ .nd struclur.s or portions thereof 
whose peak design rale of energy usage is less than 3.4 Btu/h per 
square foot or 1.0 watt per square fooL of floor area for eft 
ptlrpo~e~ space condltiuning requIrements. 

101.3.1.2 Buil~ings and structures or portions thereof 
which are neither heated or tooled according to the definitions 
in Chapter 2. prOVided that any space heating equipment which is 
installed (omplies with all of the following criteria: 

a. Sized for a maximum interIor design temperature of leSE 
than 50 degrees F. 

b. EqUipped with thermostatic control which is manufactured 
to have a maximum temperature setting of 50n F or less 

101.3.2 Application to Existing Buildings, 

101.3.2.1 Additions, alterations and repairs to existing ~ 
buildings. Additions, alterations and repairs may be made to 
existing buildings or structures M~r-b~-M~d~-te-~tteh-btt~~d~"q~-o~ 

2 



1987 Edition NWEC 

~tru~t~r@~ without ~aking the entire building or structure co~ply 
provided that lhe new addition alteration or repair shall conform 
to the provisions of this code as they relate to new 
construction. fh~--Bu~rd~~q--eff~~~~r--~ay--a~~~e~~--~~~~qn.-of 

et~~~a~~o~~-or-r~~a~r~-wh~~h-do-not-fu.t,-eenfe~~-w~~h-e~t-of-th~ 

r~qu~r~~~n~~--ef--~h~~--eed~---Kh~r~-'~~---h~~fh~~--o~~n~on--tutr 

eonfo~m.ne~---~~---~hr~re •• r,---~m~e~~~h.~---a~dfor-·~eonom~e ••• ¥ 
~m~r!et~e •• --.nd--+.~--~h~--~.t~ra~~on--o~--r~~.~r--~~~ro'~~--th~ 
~.~etr~e-~~~r~,-~ff~e~~ner-of·th~-hui.d~~or-or-t?~-th~-.tt~r.~~on 

or-r~~.~r·~~-~n~~qr--eff~e~ent-.nd--~~-n~e~~~a~r--for-ths-hs.tthr 

~!f~trr-snd--Ke.fsr~-of-th~-oen~rs.-pub.~e. Where the structural 
elements of the altered portions of roof/ceiling, wall or floor 
are not being replaced. these elements shall be deemed to comply 
with this Code if all the cavities exposed during construction 
are filled to the full depth with batt insulation or insulation 
having an equivalent nominal R value while for roof/ceiling, 
maintaining the required space for ventilation. Existing 
roof/ceilings, walls and floors without framing cavities need not 
be insulated. 

101.3.2.2 Lighting. Those parts of liohting systems which 
are altered or replaced In buildings initially constructed to thE 
requirements of this code shall comply with SectIon 505.4. In 
addition. other remodels or repl"cements which affect the 
lighting system of a floor shall also comply with the lighting 
power budgets specified In SecliDn 505.3. 

101.3.2.3 Historic 
exempt from this cede. 
bUildings which have been 
significant by the stite 
"The National Register of 
determined to be eligible 

buildings. Historic bUIldings are 
This exemption shall apply to those 

specifically designated as historically 
or local governing bo~y, or listed in 

Historic Places" or which have been 
for listing. 

101.3.2.4 Change of occupancy. A change in the occupancy 
or use of an existing building or structure constructed under 
this code which would require an increase in demand tor either 
fo~~tt-fuei-or electrical energy supply shall not he permitted 
unless such building or structure is made to comply WIth the 
requirements of this code. 

101.3.2.5 "oved Buildings. Buildings or structures moved 
into or within the jurisdiction shall comply With the envelope 
insulation proviSions of this code for new bUIldings or 
structures when the cavities of the roof/ceiling, wall or floor 
elements are accessible or exposed & Sec 101.3.2.1 il it applie~. 

EXCEPTION: The ceiling cavity need not be filled to more 
than the full depth of the space available including adequate 
spate fClf velltilatioll. 
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101.3.3 Mixed Occupancy. When a building houses more than 
one occupancy. each portion of the building shall conform to the 
requirements for the occupancy housed therein. Where .inor 
accessory uses do not occupy more than 10 percent of the area of 
any floor of a building, the mijo. use shall be considered the 
building occupancy. 

SECTION 102 

102.1 Identification 

Materials and equipment shall be identified in order to show 
compliance with this code. 

102.2 Maintenance Info •• ation 

Required regul~r maintenance actions shall be clearlv stated 
and incorporated on a readi Iy accessible label. Such label may 
be limited to identifying, by title or Dublication number. lhe 
operation and maintenance manual far that particular lIadel dnd 
type of product. Maintenance instructions shall be furnished for 
equipment which requires preventative lIaintenance for efficient 
operati on. 

SECTION 103 
ALTERNATE MATERIALS--METHOD OF 

CONSTRUCTION, DESIGN OR INSULATING SYSTEMS 

103.1 Alternate Materials and Methods of Construction 

The provisions of lhis code are not intended to prevent the 
use of any material, method of construction. design or insulating 
system not specifically prescribed hereIn. prOVIded that such 
construction. design or insulating system has been approved by 
the building offiCIal as meeting the intent of the (ode. 

The buildino offiCIal may approve any such alternate. provided 
he finds that the proposed design 15 sstisfaclor. and complies 
WIth lhe provisions of thIS code and that the material, melhod or 
work offered is. for lhe purpose Intended. at least the 
eqUivalent of that prescribed in this code In suitability, 
strength, effectiveness. lire reSistance, durabilily. safely and 
sani tation. 

The building ofticia! shall require that sufficifnl evidence 
Of proof be submitted to substanli.le any claims that may be made 
regarding its use. The delails of anv aclion granting approval 
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of an alternate shall be recorded and entered in the files of the 
code enforcement agency. 

103.2 Tests 

Whenever there is insufficient evidence of compliance "ith any 
of the provisions in this code or evidence that any material or 
construction does not conform to the requirements of this code, 
the building official may require tests as proof of cc~pliance to 
be made at no expense to this jurisdiction. 

Test .ethods shall be as specified by this code or by other 
recognized test standards. If there are no recognized and 
accepted test methods for the proposed alternate, the building 
official shall determine test procedures. 

All tests shall be made by an approved agency. Reports of 
such tests shall be retained by the building official for the 
period required for the retention of public records. 

103.3 Board of Appeals 

In order to deter.ine the suitability of alternate .aterials 
and methods of construction and to provide for reasonable 
interpret_tions of this code, there shall be and IS hereby 
created a Board of Appeals consisting of members who are 
qualified by experience and training to pass upon matters 
pertaining to building construction dnd who are not employees of 
the jurisdiction. The building official shall be an ex officio 
.ember of and shall act as secretary to said board. The Board of 
Appeals shall be appointed by the governing body and shall hold 
offic~ at its pleasure. The board shall adopt rules of procedure 
for conducting its business and shall render all deciSions and 
findings in writing to the appellant with a duplicate copy to the 
bui Iding offici al. 

SECTION 104 
PLANS AND SPECIFICATIONS 

104.1 Seneral 

W~th each application for a building permit, and when required 
by the building official. plans and specifications shall be 
submitted. The building official may reqUire plans and 
specifications to be prepared by an engineer or architect 
licensed to practice by the stale. (Designs submitted under the 
provisions of Chapter 4 for other than low rIse R-3 occupancies 
shal I be pr epa, ed by an Engl neer or archi tect licensed to 
practice by the state.) 

5 
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104.2 Details 

The plans and specifications shall show in sufficient detail 
pertinent data and features of the building and the equipment and 
systems as herein governed, including, but not limited to: 
design criteria, exterior envelope component materials, U values 
of the envelope systems, R values of insulating materials, size 
and type of apparatus and equipment, equip~ent and systems 
controls and other pertinent data to indicate con,ormance With 
the requirements of the code. 

SECTION 105 

ENFORCE"ENT AND INSPECTIONS 

105.1 General 

Construction or wor~ for which a per~it Ii required shall be 
subject to inspection by the building official. 

105.2 Approvals Required 

No work 5hall be done on any part of the building or structure 
beyond the point indicated in each successive inspection without • 
first obtaining the written approval of the building official. 
No construction shall be concealed without inspection approval. 

105.3 Final Inspection 

There shall be a final inspection and approval for buildings 
when completed and ready for occupancy. 

105.4 Reinspection 

The building official may cause a structure to be reinspected. 

SECTION lOb 

VALIDITY 

If a section, subsection, sentence. 
code is, for any reason, held to 
decision shall not affect the validity 
of this code. 

clause or phrase of this 
be unconstitutional, such 

of the remaining portions 
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SECTION 107 

VIOLATIONS 

It shall be unlawful for any person, firm or corporation to 
erect, construct, enlarge, alter, repair, move, improve, remove 
convert or demolish, equip, use, occupy or maintain any building 
or structure or cause or permit the same to done in violation of 
this code. 

SECTION 108 

LIABILITY 

The building official, or his authorized representative 
charged with the enforcement of this code, acting in good faith 
and without malice in the discharge of his duties, shall not 
thereby render himself personally liable for any damage that may 
accrue to persons or property as a result of any act or by reason 
of any act or omission in the discharge of his duties. Any suit 
brought against the building official or employee because of such 
act or omission performed by him in the enforcement of any 
provision of such codes shall be defended by this jurisdiction 
until final ter~ination of such proceedings, and any judgment 
resulting therefrom shall be assumed by this jurisdiction. 

This code shall not be construed to relieve from or lessen lhe 
responsibility of any person owning, operating or controlling any 
bUilding or structure for any damages to persons or property 
caused by defects, nor shall the code enforcement agency or its 
parent jurisdiction be held as assuming any such liability by 
re.son of the inspections authorized by this code or any 
certificates of inspection issued under lhis (ode. 

7 
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CHAPTER 2 

DEF INIT IONS 

SECTION 201 

GENERAL DEFINITIONS 

201.1 Applic~tion of Ter.s 

For the purposes of this code, certain abbrevialions. terms, 
phrases, words and their derivatives, shall be as let forth in 
this Chapter. Where terms are not delired, they shall have their 
ordinuy accepted meanings within the conte>:t with which they are 
used. W!!bsler's Third rlew International dict,onary of the 
English L2nQUaqe. Unabridged, copyright 1981, shall be considered 
as ptD"Hi';g ~rdin.r Ily accepted ~panin~s. 

ACCEPTED ANALYSIS "ETHODS. Healing/cooling and lIghting load 
calcIJI'ilic'ns performed in alc(,rdaflce with the mo.t current 
procedures developed by a nalionallv recognized professional 
organ(lallun and approved by the Building Official. 

ACCESSIBLE (as applied Lo eQuipment). Admitting close 
approach because not guarded by locked dours. elevation ur other 
effective means. (See READILY ACCESSIBLE.) 

ADVANCED FRA"INS. 
amount of uninsul.ted 
support. 

Framing techniques used to minl_Ize the 
thdt IS n8t required for praper struclural 

AIR CONDITIONING, COMFORT. The process of treating air to 
control simultaneously ils leIDperature. humidity. cleanliness and 
distributi~n to meet requirements of the conditioned space. 

AIR TRANSPORT FACTOR. The rati 0 of the r ate of useful 
sensible heat removal from the conditioned space to the energy 
input to the supply and return tan moter(s). e.pressed in 
consistent units and under the deSignated operating cundltions. 

AUTOHATIC. Self-acting. operating by its own mechanIsm "hen 
actuated b. so.e Impersonal influence, as for exampl~. a change 
i'l cur"rent strenuth. rressur~. temperature or mechanical 
confiLlUr ali'Jn. oSee HANUAL.} 

BELOW GRADE WALLS. Walls nr the porti3n of walls which extend 
two feet or ~cre below the finish grade. 
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BOILER CAPACITY. The rate of heal output in Btuih measured at 
the bailer outlet. at the design inlet and outlet conditions and 
rated fuel/energy Input. 

BUILDING ENVELOPE. The elements of a building which enclose 
conditioned spaces through which thermal energy may be 
transferred to or from the exterior or to or from spaces exempted 
by the proYlsions of Settion 101.3.1. 

BUILDING OFFICIAL. The official authorized to act in behalf 
of the responsible government agency for the enforcement of this 
code. 

BUILDING PROJECT. A building or group of buildings, including 
on-site energy conversion or electric-generating facilities. 
which utilize a single submittal for a construction permit or are 
within the boundary of a contiguous area under one ownership. 

CLERESTORY. A window placed in a waJ I projecling from a roof 
plane at sixty (601 degreES or more from the horizont~1 to admit 
daylight into the Interior of a building. ISee Skylight.) 

--) 

COEFFICIENT 
paraoraphs In 
aopropri ;,te: 

OF PERFORMANCE 
Chapter 5 for 

(COP). See 
the definitions 

the 
d 

;ollowing 
L DF' as 

Electrically Operated HVAC System ~qulpment--Cooli"g 503.4.5.: 

Applied HVAC System Compcnents--Cooling 503.4.6.1 

--} 

5(1~ .• 4.2.2 

--} 

COMFORT ENVELOPE. The area un a pS1chrometlc chart enclOSing 
all those conditions desccibed In Standard kS-4, Figure ND. I, i5 

being comfortabl~. 

CONDITIONED FLOOR AREA. Th. ~Drl;8nt~1 projection of that 
portion of Interior 
walls and which is 
energy-u~ing system. 

space wilic,h 
conditilJned 

IS contained within exterior 
directly or indirectly by an 
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CONDITIONED SPACE. All spacis which are providld with hllted 
and lor cooled air or which are laintainld at telplraturls oVlr 50 
degrees F during the heating lealon, including adjacent connected 
spaces separatld by an uninsulated cOlponent (e.g., bililents, 
utility rools, garages, corridors). 

CONTINUOUS AIR BARRIER. A syste. of laterials installed 
during construction that is designed to effectively linieize the 
transfer of air to or froD the conditioned space though 
unintentional openings in the building envelope. 

COOLED SPACE. Space within a building which is provided with 
a positive cooling supply. 

DEADBAND. The telperature range in which no heating or 
cooling is used. 

DEBREE DAY, HEATINB. A unit, based upon telperature 
difference and tile, used in estieating fuel consueption and 
specifying no~inal heating load of a building in winter. For any 
one day when the lean temperature is less than 65 degrees F there 
exist as lany degree days as there are Fahrenheit degrees 
difference in temperature between the lean telperature for the 
diy and 65 degrees F. 

--) 

EFFICIENCY, HVAC SYSTE". The ratio of useful energy (at the 
point of use) to the energy input for a designated tile period, 
expressed in percent. 

ENERBY. The capacity for doing work, taking a nUlber of fori' 
which lay be trlnsfor.ed frol one into another, such as therlal 
(heat), .echanical (work), electrical and chelical; in custo.ary 
units, leasured in kilowatt-hours (kWh) or Britilh therlal unitl 
(Btu). (See NEW ENERGY.) 

ENERGY EFFICIENCY RATIO (EER). The ratio of net equipMent 
cooling capacity in Btulh to total rate of electric input in 
watts under designated operating conditions. 

ENERGY, RECOVERED. (See RECOVERED ENERGY.) 

--} 

EXTERIOR ENVELOPE. (See BUILDINB ENVELOPE.) 
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FLOOR OVER UNCONDITIONED SPACE (ENCLOSED). A floor Nhich 
separates a conditioned space froM an unconditioned space Nhich 
is buffered frol exterior aebient conditions including vented 
craNlspaces and unconditioned baseMents or other siMilar spacel. 

FLOOR OVER UNCONDITIONED SPACE (EXPOSED). A floor Nhich 
separates a conditioned space fro. an unconditione~ space exposed 
to exterior ambient conditions including open parking garages and 
enclDsed garage. Nhich are Mechanically ventilated. 

F-YALUE. The periMeter heat loss factor expressed in Btu/hr
ft_oF. 

GROSS FLOOR AREA. The SUI of the areas of the several floors 
of the building, including baseMents, cellarl, lezzanin. and 
intereediate floored tiers and penthouses of headrOOM height, 
leasured fro. the exterior faces of exterior Nalls or frol the 
center line of Nalls separating bUildings, but excludingl 
Covered NalkNays, open roofed-over areas, porches and sieilar 
spaces. Pipe trenches, exterior terraces or steps, chiMneys, 
roof overhangs and sililar features. 

GLAZING. All areas, including the fraMel, in the shell of a 
conditioned space that let in natural light including NindoNI, 
clerestories, skylights, sliding or sNinging glass doors and 
glass brick Nalls. 

BLAZINB AREA. Total area Df the glazing leasured using the 
rough opening, and including the glass, sash, and frale. 

GROSS EXTERIOR WALL AREA. The norlal projection of the 
building envelope NaIl area bounding interior space Nhich is 
conditioned by an energY-USing systeM, includes opaque wall, 
windDN and door areas. 

The gross area Df Nalls cDnsists of all opaque "all areas, 
including foundation walls, betNeen floor spandrels, peripheral 
edges Df flDors, "indo" areas including sash, and dDDr areas, 
where such surfaces are exposed to exterior aMbient conditions 
and enclose a conditioned space including interstitial Ireas 
betNeen tNO such spaces. 

GROSS ROOF/CEILING AREA. The SUI Df the areas of the 
roof/ceiling asseMbly, conSisting of the total interior lurface 
area of all eleMents, including skylights, which enclose a 
conditioned spice. 

HEAT. The fori of energy that is transferred by virtue of a 
teMperature difference. 

11 



1987 Edition NNEC 

HEAT STORA&E CAPACITY. The physical prop~rty of eaterials 
(easl) located inside the building envelope to absorb, store, and 
release heat. 

HEATED SPACE. Space within a building which is provided with 
a positive heat supply to maintain a teaperature of greater than 
50D F. Finished living space within a basement or registers or 
heating devices designed to supply heat to a baseaent space shall 
autoeatically define that space as heated space. 

HEATIN& SEASON PERFOR"ANCE FACTOR (HSPFI. The total heating 
output (in Btu) of a heat puap during its noreal annual usage 
period for heating divided by the total (watt hour) electric 
power input during the same period, as deterained by test 
procedures consistent with the U.S. Department of Energy "Test 
Procedure for Central Air Conditioners, Including Heat PuepI" 
published in the December 27, 1979, Federal Register, Yol 44, No. 
24, IOCFR. 430. When specified in Btu per watt hour an HSPF of 
b.B2b is equivalent to an HSPF of 2.0 watt hour per watt hour. 

HU"IDISTAT. A regulatory device, actuated by changes in 
humidity, used for automatic control of relative hueidity. 

HYAC. Heating, ventilating and air conditioning. 

HYAC SYSTE" CO"PONENTS. HYAC system cOMponents provide, in 
one or eore factory-asseMbled packages, means for chilling and/or 
heating water with controlled teMperature for delivery to 
terMinal units serving the conditioned spaces of the buildings. 
Types of HVAC system components include, but are not liaited to, 
water chiller packages, reciprocating condensing units and water 
source (hydronic) heat pumps. (See HYAC SYSTE" EDUIP"ENT.) 

HYAC SYSTE" EFFICIENCY. (See EFFICIENCY, HYAC SY5TE".) 

HYAC SY5TE" EDUIP"ENT. HVAC systeM equipment provides, in one 
single package) or more (split systeM) factory-assembled 
packages, means for air circulation, air cleaning, air cooling 
with controlled teMperature and dehumidification; and optionally, 
either alone or in combination with a heating plant, the 
functions of heating and hu~idifying. The cooling function eay 
be either electrically or heat operated and the refrigerant 
condenser may be air, water or evaporatively cooled. Where the 
equipment is provided in more than one package, the separate 
packages shall be designed by the manufacturer to be used 
together. The equipment eay provide the heating function as a 
heat pUlP or by the use of ele~tric o~--foss~~-ftt~~-ft~ed 

elements. (The word "equipment" used without modifying adjective 
may, in accordance with com.on industry usage, apply either to 
HVAC system equip~ent or HVAC system components.) 

12 
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ILLU"INATION. The density of the luminous flux incident on a 
surface; it is the quotient of the luminous flux by the area of 
the surface when the latter is uniformly illuminated. 

INFILTRATION. The uncontrolled inward air leakage through 
cracks and interstices in any building element and around windows 
and doors of a building caused by the pressure effects of wind 
and/or the effect of differences in the indoor and outdoor air 
densi~y. 

LON-RISE BUILDING. A building not exceeding three stories in 
height. 

--) 

LU"INAIRE. A complete lighting unit consisting of a lalP or 
lalps together with the parts designed to distribute the light, 
to position and protect the lalps and to connect the lamps to the 
electric power supply. ~ 

"ANUAL. Capable of being operated by perlonal intervention. 
(See AUTO"ATIC.) 

--) 

NEN ENERBY. Electric energy, other thin recovered energy, 
utilized for the purpose of heating or cooling. (See ENERBY.) 

OPAQUE ENVELOPE AREAS. All exposed areas of a building 
envelope which enclose conditioned space, except openings for 
windows, skylights, doors, glazing and building service systels. 

OPERABLE NINDON INSULATION. Kovable window covers of 
insulating laterial which have leans to create an edge fit better 
than a loose fit (I.e., interlo~king edge, cushion seal, 
lechanical, or magnetic seal) and with a minilum thermal 
resistance of R-5. 

--) 

OUTDOOR AIR. Air taken from the outdoors and, therefore, not 
previously circulated through the system. 

PACKAGED TER"INAL AIR CONDITIONER. A factory-selected 
cOlbination of heating and cooling components, allelblies or 
lections intended to serve a rool or zone. (For the COlpllte 
technical definition, see Standard RS-I0.) 

13 
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PACKA8ED TER"INAl HEAT PU"P. A factory-selected cOMbination 
Df heating and cooling components, asseMblies or sections 
intended for application in an individual rool or zone. (For the 
cOMplete technical definition, see Standard RS-21.) 

PER"EANCE (perm). The ability of a material of specified 
thickness to transmit moisture in terms of amount of moisture 
transmitted per unit tile for a specified area and differential 
pressure (grains per hour-ft 2 -in.HS). Permeance may be measured 
using ASTM E-9b-72 or other approved dry cup method as specified 
in RS-l. 

POSITIVE COOlIN& SUPPLY. Mechanical cooling deliberately 
supplied to a space, such as thrDugh a supply register. AlsD, 
mechanical CODling indirectly supplied to a space through 
uninsulated surfaces of space-cDDling components, such as 
evapDrator CDil cases and CODling distribution systels Mhich 
cDntinually maintain air temperatures Mithin the space Df 85 
degrees F Dr laMer during normal Dperation. To be considered 
eKempt frD. inclusion in this definitiDn, such surfaces shall 
cDmply Mith the inlulatiDn requirements of this code. 

POOL COVER. A vapor-retardant CDver Mhich lies Dn Dr at the 
surface Df the pDDI. 

POSITIVE 
supplied tD 
mechanical 
uninsulated 
evapDrator 
cDntinually 
degrees F, 
eKempt frol 
comply Mith 

COOlI.& SUPPLY. Mechanical cooling deliberately 
a space, such as through a supply register. Also, 
cDoling indirectly supplied to a space through 
surfaces of space cooling components, such as 

coil cases and cooling distribution systems Mhich 
maintain air telperatures Mithin the space of 85 
or 10Mer during normal operation. To be considered 
inclusion in this definition, such surfaces shall 
the insulation requirements of this code. 

POSITIVE HEAT SUPPLY. Heat deliberately supplied to a space 
by design, such as a supply register, radiator or heating 
element. Also, heat indirectly supplied to a space through 
uninsulated surfaces of service Mater heaters and space heating 
components, such as furnaces, boilers and heating and cooling 
distributions system. Mhich continually maintain air temperature 
Mithin the space Df 50 degrees F or higher during normal 
operation. To be considered exempt from inclusion in this 
definition, such surfaces shall comply Mith the insulation 
require.ents of this code. 

POMER. The rate at Mhich 
customary units, ~ea5ured in 
per hour (Btu/h). 

electric energy is trans.ittedj in 
Matts (W) Dr British thermal units 

14 



1987 Edition NMEC 

POMER FACTOR. The ratio of the true pOMer (Matts! to the 
applrent pOMer (volts tiles alperes!, the cOline of the angle of 
lag betMeen the alternating current and the voltage Maves. 

PUBLIC FACILITY REST ROO". A rest room used by the transient 
public on a regular (rather than casual! bases. Exalplel include 
rest rooms in service stations, airports, train terminals and 
convention halls. Rest rooms incorporated Mith private guest 
rooms in hotels, lotels or dormitories and rest room facilitiel 
intended for the use of employees and not usually used by the 
general public are not considered public facility rest rOOII. 

R-YALUE. Therlal resistance as leasured in degrees F-ft2-
hr/Btu. NOlinal R-Value shall lean therlal resistance of 
insulation (excluding structural or sheathing components! as 
specified by the lanufacturer according to recognized trade and 
engineering standards or approved equal. 

READilY ACCESSIBLE. Capable of being reached quickly for 
operation, reneMal or inspections, Mithout requiring those to 
Mhom ready access is requisite to climb over or relove obstacles 
or to resort to portable ladders, chairs, etc. (See ACCESSIBLE.! 

RECOOLIN6. The removal of heat by sensible cooling of thl 
supply air (directly or indirectly! that has been previously 
heated above the temperature to Mhich the air is to be supplied 
to the conditioned space for proper control of the temperature of 
that space. 

RECDYERED ENERBY. Energy utilized Mhich Mould otherMise be 
Masted (i.e. not contribute to a desired end use! frol an energy 
utilization system. 

--) 

REHEAT. The application 
has been previously cooled 
conditioned space by either 
introduction of outdoor air to 

of sensible heat to supply 
beloM the temperature 
mechanical refrigeration 

provide cooling. 

air that 
of the 

or the 

RESET. 
a higher 
energy. 

Adjustment of the set point of a control instrument to 
or 10Mer value automatically or manually to conserve 

ROOF/CEILIN6 ASSE"BLY. A roof/ceiling assembly Ihall be 
considered as all components of the roof/ceiling envelope through 
Mhich heat floMS, thus creating a building transmission heat 1055 

or gain, Mhe~e such assembly is exposed exterior aabient 
conditions to and encloses a conditioned space. 

The gross area of a roof/ceiling asselbly consilts of the 
total interior surface of such assembly, including skylights. 

15 



1987 Edition NWEC 

ROO" AIR CONDITIONER. A packaged asseebly designed as a unit 
priearily for eounting in a window or through a wall, or al a 
console, and designed to provide free delivery of conditioned air 
to an enclDsed space, roDe Dr zone. It includes a priee source 
of refrigeration for cooling and dehumidification and means for 
circulating and cleaning air, and eay also include eeans for 
ventilating and heating. 

--) 

SEQUENCE. A consecutive series of operltions. 

SERYICE SYSTEMS. All energy-using systees in I building that 
are operated to provide services fDr the occupants or processes 
housed therein, including HVAC, service water heating, 
illu'ination, transportation, cooking or food preparation, 
laundering Dr similar functions. 

SERYICE WATER HEATING. Supply of hot water for dOleltic or 
cOlmercial purposes other than cOlfort heating. 

SERYICE WATER HEATING DE"AND. The maximum design rate of 
energy withdrawal from a service water heating sYltem in a 
designated period Df tile (usually an hour Dr a day). 

--) 

SHADED. Slazed area which is externally protected froe direct 
solar radiation by use of devices perlanently affixed to the 
structure or by an adjacent building, topographical feature, or 
vegetation. 

SHALL. Denotes a .andatory code require.ent. 

SINGLE FA"ILY. One and two fa,ily residential dwelling units 
with no lore than two units in a single building. 

SKYLI6HT. A glazing surface that has a slope of less than 60 
degrees froe the horizontal plane. 

SLAB-ON-GRADE, EXTERIOR. Any portion of a slab floor in 
contact with the ground which is less than or equal to 24 inches 
below the final elevation of the nearest exterior grade. 

SLAB-BELOW-6RADE. Any portion of a slab floor in contact with 
the ground which is more than 24 inches below the final elevation 
of the nearest exterior grade. 
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SOLAR ENERSY SOURCE. Source of natural daylighting and of 
thermal, chemical or electrical energy derived directly from 
conversion of incident solar radiation. 

STANDARD FRA"INS. All framing practices not defined as 
. i "advanced" shall be considered standard. 

SYSTE". A combination of 
components and/or controls, 
and terminal devices by which 
perform a specific function, 
or illulination. 

central or terminal equipment or 
accessories, interconnecting leans, 

energy is transforled so as to 
such as HVAC, service Hater heating 

TERNINAL ELE"ENT. The leans by which the transforled energy 
frol a system is finally delivered; i.e. registers, diffusers, 
lighting fixtures, faucets and si.ilar elements. 

THER"OSTAT. An automatic control device actuated by 
temperature and designed to be relponsive to temperature. 

THER"AL CONDUCTANCE ICI. The therlal transmission in unit 
time through unit area of a particular body or asseably having 
defined surfaces "hen the unit average telperature is established 
between surfaces (Btu/hr ft2 Fl. 

THER"AL RESISTANCE IRI. The reciprocal of therlal conductance 
(hr ft2 F/Btu). 

THER"AL TRANS"ITTANCE lUI. The coefficient of heat 
translission (air to air). It is the tile rate of heat flo" per 
unit area and unit temperature difference between the "arl lide 
and cold side air fillS (Btu/hr-ft 2 OF). The U- value applies to 
the fractional cOlbinations of different laterials uled in series 
along the heat flow path. 

THERMAL TRANS"ITTANCE, OVERALL IU.I. The overall (average) 
heat translission of a gross area of the exterior building 
envelope (Btu/hr-ft 2 °Fl. The U. value applies to the cOlbined 
effect of the tile rate of heat flows through the varioul 
parallel paths, such as windows, doors and opaque construction 
areas, cOlprising the gross area of one or lore exterior building 
cDlpDnentl, such as "ails, floors or roof/ceiling. 

TRANS"ISSION COEFFICIENT. The ratio of the solar heat gain 
through a glazing sYltel to that of an unshaded single pane of 
double strength MindoM glass under the sale set of conditions. 

U-VALUE. See thermal transmittance. 
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UNITARY COOLIN6 AND HEATIN6 EUUIP"ENT. One or aore factory-
aade asseablies which include an evaporator or cooling coil, a 
coapressor and condenser cOlbination, and may include a heating 
function as Nell. Where such equipment is provided in lore than 
one assembly, the separate assemblies shall be deligned tD be 
used together. 

UNITARY HEAT PU"P. One or lore factorY-lade assemblies Nhich 
include an indoDr cDnditioning coil, compressor(s) and Dutdoor 
cDil or refrigerant-to-Nater heat exchanger, including means to 
provide both heating and cooling functions. When such equiplent 
is provided in more than one asselbly, the separate assemblies 
shall be designed tD be used together. 

VAPOR RETARDER. A layer of ION loisture transaissivity 
aaterial (nDt aore than 1.0 perm dry cup) placed over the wara 
side (in Ninter) of insulation, Dver the exterior of below grade 
Nalls, and under floors as ground cover to liait the transport of 
water and water vapor through exterior Nalls, ceilings, and 
floors. 

YAULTED CEILIN6S. All ceilings where enclosed joist or rafter 
space is formed by ceilings applied directly to the underside of 
roof joists or rafters. 

--) 

YENTILATION. The process of supplying or removing air by 
natural or mechanical aeans to Dr froa any space. Such air a.y 
or aay not have been conditioned. 

YENTILATION AIR. That portion of supply 
outside (outdoors) plus any recirculated 
treated to maintain the desired quality 
designated space. (See Table 3-1, Chapter 3 
definition of OUTDOOR AIR.) 

air which coaes froa 
air that hal been 

of air within a 
of this code, and 

MALLS (exterior)1 Any meaber or group of meabers which 
defines the exterior boundaries Dr courts of a building and which 
have a slope of bO degrees or greater with the horizontal plane, 
and separates conditioned fro. unconditioned space. Band joists 
between floors are to be considered a part of exterior "ails. 

MATER-CHILLIN6 PACKA6E 
prefabricated assembly 
package) of one or more 
absorbers and generators 
used for chilling water. 

OF ABSORPTION. A factory-designed and 
(not necessarily shipped as a lingle 
condensers, evaporators (water coolers), 
with interconnections and accessories 
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WATER-CHILLINB PACKABE, CENTRIFUBAL DR ROTARY. A factory
designed and prefabricated asseably (not necessarily shipped as 
one package) or one or .ore centrifugal or rotary co.preslors, 
condensers and water coolers (evaporators) with interconnections 
and accessories used for chilling Mater. 

WATER-CHILLINB PACKA6E, RECIPROCATINB. A factory-designed and 
prefabricated asse.bly, self-contained or condenserless, of one 
or aore reciprocating coapressors, condenser (self-contained 
only), water coolers (evaporator) and interconnections and 
accessories used for chilling water. The condenser .ay be air, 
evaporatively or water cooled. 

--) 

ZONE. A space Dr group of spaces within a building with 
heating andlor cooling requirements sufficiently .i.ilar so that 
comfort conditions can be .aintained throughout by a single 
controlling device. Each dwelling unit in residential buildings 
shall be considered a single zone. 
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CHAPTER 3 

DESIGN CONDITIONS 

SECTION 301 DESIGN CRITERIA 

301.1 General 

The cri teri a 
upon which the 
building envelope 
based. 

of this 
minimulll 
and the 

chapter establish the design conditions 
thermal design requirements of the 
design of the HVAC syste. are to be 

301.2 Heating and Cooling 

A building that.is designed to be both heated and cooled shall 
meet the more stringent of the heating or cooling requirements as 
required in this code when require~ents of the exterior envelope 
differ. 

The design shall not create conditions of accelerated 
deterioration from moisture condensation. 

SECTION 302 

THERMAL DESIGN PARAMETERS 

302.1 Exterior Design Conditions 

The followinQ design parameters shall be used for calculations 
required under this (ode. (The BUilding OffiCIal is to fill in 
with applicable data.) 

EXTERIOR DESIGN CONDITIONS 

WIN1ER' 

SUMMER' 

DEGREE DAYS HEATING 

DeSIgn ury-bulb 

Design UrY-bulb 
Desiqn Wet-bulb 

DEGREES NORTH LATITUDE 

The outdoor desiqn temperature shall be selected from the colu~ns 
of 97-1/2 % values for winter (99% values for lone 31 and 2-112 % 
values for summer from tabl~s in Standard RS-l. Adjustments may 
be made to reflect local climates as determined by the building 
official. 
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302.2 Interior Design Conditions 

302.2.1 Indoor Design Te.perature. Indoor design temperature 
shall be ?~ 70 degrees F for heating and 78 degrees F for 
cooling. 

EXCEPTION: Other design temperatures may be used for 
equipment selection If It results in a lower energy usage. 

302.2.2 Hu.idification. If humidification is provided during 
heating. it shall be designed 'or a maximum relative humidity of 
30 percent. When comfort air conditioning is provided. the 
actual design relative humidity within the comfort envelope as 
defined in Standard RS-4 shall be selected for minimum total HVAC 
system energy use. 

302.2.3 NeM Energy for Hu.idity Control. New energy mav be 
used to prevelll relative humidity from riSIng above 60 percent 
for CO(f~fDt t c~)nt.t-Q1, Lo prevl?fll c.onden~atl0n on terminal units or 
outlets. or lu r!rev~nt thf ff,aliunttlonlna of snetial equipment. 

302.3.1 Heating and Cooling Degree Days. The heatlno and 
coolina degree da.s shall be selected from the Standard RS-I. 
For 10calions not listpd lhfrein. other scurces of heating and 
[oollnq deurel data may be used pro.ided such sources are 
aprroved be the 8uilding OffiCial. 

302.3.2 Cli.ate Zones. All buildings shall comply With the 
requirements of the appropriate climate :one as defIned herein. 

Lerne 1 Less ttlarl b~000 degree days at 65 degrees F Base. 

Zone .:.. 6,000 to 8.000 degree days at 65 degrees F Base . 

lone 3~ More than 8.000 deqree days at 65 degrees F Base. 
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SECTION 303 

"ECHANICAL YENTILATION CRITERIA 

303.1 YentilatiDn 

--) 

For minimum ventilation requirements see the Uniform Building 
Code. See also section 502.1.B. 

If a mechanical ventilation system IS provided in lieu of 
natural ventilation. the mechanical ventilation system shall be 
capable of supplying to each zone ventilation air with the 
minimum outdoor air quantities speCified in Table No. 3-1 based 
upon the greater of the occupant densities in that table or the 
design occupant density. The outdoor air shall be conveyed by 
ducts to each zone not provided with minimum openable area for 
natural ventilation. The maximum outdoor air quantities used as 
the basis for calculating the heating and coolinq design loads 
shall not exceed three times the qu.ntities speCified in Table 
No.3-I. See the Uniform Mechanical Code for other requireMents. 

EXCEPTION: 1. If outduor air quantities other than those 
specified in S~~nd~~d-R5-3 Table No. 3-1 are used or required 
because of special occupallcy or process requirellents, source 
control of air contamination, health and safety or other 
standards, the required outdoor air quantities shall be used 
as the basis for calculating the heating and cooling design 
loads. 

2. Except as limited in this Section, reCirculated air ~av 

be used to meet part of the outdoor air requirements provided 
that an air cleaning system is installed which IS designed to 
remove particulate and gaseous contaminants and which 
otherwise complies with Section 6.1.4 of Standard RS-3. ~ 

mInimum of 5 elm of outdoor air per person shall be provided. 
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TABLE NO. 3-1 
OUTDOOR AIR REgUIRE"ENTS FOR VENTILATION' 

Dry Cleaners and Laundri~s 

Commen i a I 
Storage/pick-up areas 
Coin-operated laundrles~ 

Coin-operated dry cleaning 

Food L Beverag. Services 

Dining rooms 
Kitchens 
Cafeterias. fast food facilities 
Bars and cocktail lounges 

Garages. Auto Repair Shops. 
Service Slat ions 

Partino garages (enclosed)" 
Auto Repair workrooms (general)· 

Hotels. Holels. Resorts. 
Dormitories & Correctional 
Facilities" 

Bedrooms (single, double)b 
Living rooms (suites)6 
Baths, loi lets 

(attached to bedrooms)7 

Lobbies 
Conference rooms (small I 
Assemblv rooms (large) 
Gambling casinos 

Estiuted 
OccupancyZ 
persons per 
1000 sq HZ 

i 0 
30 
~') 

20 

70 
20 
10.) 
100 

Outdoor Air 
Requ i r ellen t s 
cf./person 
(except u 
noted) 

15 
~,5 

35 
15 

35 
1(/ 
35 
50 

itfm/sq H) 1.5 
1.5 

(cfm/room) 

30 
50 
1iO 
120 

23 

30 
50 

50 

5 
5 
5 
5 

.. 
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TABLE NO. 3-1 (continued) 
OUTDOOR AIR REQUIRE"ENTS FOR VENTILATION 

OfficE'S 

OfficE' space 
Meeting and waiting spaces 

Pub Ii ( Spaces 

Corridors and utility rooms 
Public restrooms 
Locker ~ dressing room~ 

Retai I Stores 
Sales floors ~ showrooms 

Basement ~ street floors 
Upper floors 

Storage areas (serving sales 
and storerooms) 

Dressing rooms 
Malls and arcades 
Shipping ~ receiving areas 
Warehouses 
Elevators 
Smoking rooms 

Specialty Shops 

Barber • beauty shops 
Reducing salons, health spas 

(exercise rooms) 
Florists" 
GreenliOlt5e5 
Sho .. reoair shoos (combined 

workrooms/trade areas) 
Pet shops 

Estiuted 
Occupancy 
persons per 
1000 sq ft 

7 
60 

Outdoor Air 
Require.ents 
cf ./person 

(ul:ept as 
noted) 

20 

(ch sq H) .02 
'cfm stall/urinal) 7S 
(cfm locker) 3S 

30 
20 

15 

20 
It) 
5 

70 

25 

20 
It) 

1 

1 (J 

24 

25 
25 

25 
10 
10 
10 
15 
50 

35 

25 

15 
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TABLE NO. 3-1 (continued) 
OUTDOOR AIR REQUIRE"ENTS FOR YENTILATION 

Sports and Amusement Facilities 

Ballrooms and discos 
Bowling alleys (seating area) 
Playing floors (e.g. gymnasiums, 

ice arenas)· 
Spectator areas 
Game rooms (e.g. cards ~ 

billiards rooms) 

Swillilling pools 
Pool and deck areas' o 
Spectators' area 

Theatres 
Tidet booths 
Lobbies, foyers, lounges ~ 

auditoriums In motion picture 
theatres. lecture. concert & 
ope,ah,lls 

Stages. TV and movies studios" 

Transportation 

Waiting rooms. ticket & baggage 
areas, corridors & gate areas, 
platforms, concourses· 2 

Wor,rooms 

Neat processing roolls· 3 

Pharmacists' workroom 
Bank vaults 
Photo studios 

Caillera room, stages 
Darkrooills 
Duplicating ~ printing rooms· 4 

Estiuhd 
Occupancy 
persons per 
1000 sq ft 

100 
70 

30 
150 

70 

(cfm/sq 
70 

1 S(I 
71) 

150 

10 
20 
1 I) 

10 
10 

(c{m/sQ Hi 

Outdoor Air 
Requi reunt5 
cf .'person 

(except as 
noted) 

35 
35 

2(1 

35 

35 

H) .5 
35 

2,) 

,~ _'..I 
10 

5 

5 

5 
~i) 

0.5 
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TABLE NO. 3-1 (continued) 
OUTDOOR AIR REQUIRE"ENTS FOR VENTILATION 

Educational Facilities 

CI assroollts 
Laboratories'" 
Training shops 
Music rooms 
Libraries 

Hospital. Ner51n~ L Convalescent 
HomeE,1h 

Patient roams 
Medlcal procedure areas'''' 
Operati ng rooms. delivery rooms 
Recovery ~ intensive care rooms 
Autopsy rooms·· 
Physical therapy areas 

Residential'" 

Est i uted 
Occup~ncy 

persons per 
1000 sq ft 

50 
30 
30 
50 
20 

(cfm/bedl 
10 
20 
20 
20 
:0 

26 

Outdoor Ai r 
Requi re.enh 
ch/person 

(except as 
noted) 

25 
10 
35 
35 
5 

~c 

"" 35 
40 
15 
1 ('0 
15 
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Footnotes to Table 3-1 

I. Derived from Standard RS-3. 

2. Use only when de5ign occupancy is not known. 

3. Dry cleaning processes may require more air. 

4. Distribution must consider worker location and 
concentration of running engines, stands where engines are 
run must incorporate systems for positive engine exhaust 
wi thdrawal. 

5. See also food and beverage services. merchandising. barber 
and beauty shops, and garages. 

6. Independent of room size. 

• 7. 

s. 

9. 

Independent of room s i Ie, installed 
intermittent use. 

Venti I ati on 
requirements. 

to optimize plant growth 

When internal combustion engines are 
maintenance of playing surfaces, increlsed 
rales will be required. 

capacity for 

mav dictate 

operated for 
ventilation 

10. HiQher values may be required for humidity control. 

11. Special ventilalion Hill be needed to eliminate special 
stage effects (e.g .• dry ice vapors, mists, etc.) 

12. Ventilation 
consideration. 

'1lthin vetlicles ~ll I I require special 

13. Spaces maintained at low temperatures (-loaF to +50 a F) are 
not covered by these reQuirements unless the vacancy is 
continuous. Ventilation from adjoining space is 
permissible. When the occupancy is intermittent, 
infiltration ~lill normall',' exceed the ventilation 
reqUirement. 

14. Installed equipment must Incorporate positive exhaust and 
control (as required) of undesirable contaminants (toxic or 
otherwise) • 

15. Special cont?minanl control 
proce,ses Dr functions 
occupancy. 

sydems may 
indudl n9 

:7 

be r~quired for 
laboratory animal 
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Footnotes Continued 

16. Special requirements or 
may determine minimum 

codes and pressure relationships 
ventilation rates and filter 

17. 

efficiency. 

Procedures generating contaminants may 
rates. 

require higher 

18. Air shall not be recirculated into other spaces. 

19. See section 502.1.8. 

28 





1987 Edition 

401.1 General 

CHAPTER 4 

BUILDING DESIGN BY SYSTE"S ANALYSIS 
ANB-BESIGN-8F-BYI~BINGS-YlI~llING 

NBNBEPlElABlE-ENERGV-S8YREES 

SECTION 401 

SCOPE 

NIIEC 

This chapter establishes design criteria In terms of total 
energy use by a building, including all of its systems. Analysis 
of design for IOH rise R-I and R-3 occupancies and other 
buildings less than 5000 sq ft shall comply with Section 402.6. 
AnalYsis of design for other buildings shall comply with Sections 
402.1 to 402.5. 

SECTION 402 

SYSTE"S ANALYSIS 

402.1 Energy Analysis For All Buildings Except Lowrise R-l and 
R-3 occupancies and other buildings less than 5000 sq ft. 

Compliance with this chapter Hill require an analysis of the 
annual electric energy usage, hereinafter called an annual energy 
anal ysi s. 

EXCEPTION: Chapters 5, 6 and 7 of this code establish 
criteria for different energy-consuming and enclosure element! 
of the building which, tf--totio"~d, will eliminate the 
requlrem9nt for an annual energy analysis while meeting the 
Jnlen~ of thiS rode. 

~ bUilding designed In accordance With this chapter will be 
deemed as complfing With this [ode if the calculated annual 
energy corsumptlon is not grealpr than a similar building 
Ideflned as d 'stand~rd design") Hhose enclosure elements and 
energy~consumlng systems are designed in accordance with Chapter 
5. 

For an allernate building design to be considered similar to a 
"standard de;ign", it shall utilize the same energy sourcels) for 
the same functions and have equal floor area and the same ratio 
of envelope area to floor area, environmental requirements, 
occupancy, climate data and usage operational schedule. 
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402.2 Design 

The standard design, conforming to the criteria of Chapter 5 
c~--Ehapte~--b and the proposed alternative design shall be 
designed on a com.on basis as specified herein: 

The comparison shall be expressed as kWh input per square foot 
of g~c~~ conditioned floor area per year at the building site. 

402.3 Analysis Procedure 

The analysis of the annual energy usage of the standard and 
the proposed alternative building and system design shall meet 
the following criteria: 

a. The building heating/cooling load calculation procedure 
used for annual energy consumption analysis shall be detailed to 
per.it the e~aluation of effect of factors specified in Section 
402.4. 

b. The calculetion procedure used to simulate the operation of 
the buildinQ and its service systems through a full-year 
operating period shall be detailed to permit the evaluation of 
the effect of system design. climatic factors, operational 
characteristics. and mechanical equipment on annual enerQV usage. 
Manufacturer s data or comparable field test data shall be used 
"h~n available in the simulation of systems and equipment. The 
calculation procedure shall be based upon 8760 hours of operation 
of the building and its service systems and shall utilize the 
design methods specified in Standards RS-I. -II. -1~ and -13. 

402.4 Calculation Procedure 

The calculation procedure sh~ll cover the following items: 

a. Design requirements--Envlronmental requirements as required 
in Chapter 3. 

h. Climalic data--Caincident hourly data for telperatures, 
solar radiation. wind and humidity of typical days in the year 
representing seasonal variation. 

c. Building data--Orientation, size. shape. mass. air, 
moisture and heat transfer characteristics. 

d. Operational characteristics--temperature. 
ventilation, illu~ination, control mode for 
unoccupied hours. 

humidity. 
occupied and 

e. Mechanical equipment--Design capacity. part load profile. 
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f. Building loads--Internal heat 
equipment, number of people during 
periods. 

402.5 Docu.entation 

generation. 
occupIed and 

NWEC 

lighting. 
unoccupied 

Proposed alternative designs, submitted as requests for 
exception to the standard design criteria, shall be accoMpanied 
by an energy analysis comparIson report. The report shall 
provide technical detail on the two building and system designs 
and on the data used in and resulting from the comparative 
analYSis to verIfy that both the anllysis and the designs meet 
the criterIa of Chapter 4 of this code. 

--} 

402.6 Energy Analysis for Lowrise R-l and R-3 Occupancies and 
other buildings less than 5000 sq.ft. 

402.6.1 Energy Budgets. Proposed buildings desiqned in 
accordance with this section shall be designed to use no more 
kilowatt hours (kWh) of electric energy from depletable sources 
for space heating than a similar building whose enclosure 
elements and energy consuming systems are designed in accordance 
with Section 502.2 of this Code for the appropriate climate zone 
and building type. New buildings shall also meet the applicable 
requirements of Sections 502.4. 503.8 and 504. 

402.6.2 Calculation of Energy Consu.ption. The application 
for a building permit shall include documentation which 
demonstrates. using an approved calculation procedure, that the 
proposed building's spare heating energy use does not exceed the 
space heating energv use of a similar building conforming to 
Chapter 5 of this Co~e fur the appropriate climate zone. The 
total calculated annual electricity consumption shall be shown in 
units of IWhisq It or Btuisq ft of conditioned area. 

402.6.3 Input Values. The followinq standardized input values 
shall be used in calcul.tinq annual space heating budgets: 

Parameter 

Thermostat set point,heating 
Thermostat set point.cooling 
Thermostat night set back 
Thermostat ~ight set back period 
Internal gaIn from 
lights. appliances 
and occupants 

Value 

65 degrees F 
78 degrees F 
o degrees F 
o hours 
3000 Rtufhr lfor R-3 
occupancies) 
1500 Btuihr (R-l 
occupancies) 
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Minimum h~at storage 

Site weathec data 

Heating system efficiency 

Calculated using 
enoineerlnq practice 
actual building 
approved. 

NWEC 

standard 
for the 

or as 

Typical meteoroloaical vear 
(TMY) or ersatz TMY data for 
the closest appropriate TMY 
site or other sites as 
approved. 

Systems providing electric 
resistance heat other than 
heat pumps are assumed to have 
an efficiency of 1.00. 

Parameter values that may be varied by the building designer to 
model energy saving options include, but are not limited to, the 
following: 

I. Overall thermal transmittance, U., of building envelope or 
individual building components. 

2. Heat storace capacity of building; 
3. Glazing orientation and area; and, 
4. Heating system efficiency. 

402.6.4 Solar Shading and Access. Building designs using 
passive solar features with 8 percent or more south facino 

'equivalent glass to qualify shall provide to the Building 
Official a sun chart or other approved documentation depictina 
actual site shading for use in calculaling compliance under this 
section. Building designs shall also document future solar 
access by indicating on the site plan that the solar aperture 
will not be shaded by a hypothetical six foot fence built on 
adjacent lot lines or by a hypothetical 'pole" located at the 
center of the buildable area of adjacent lots that represents the 
average height of similar structures in the area. 

402.b.5 Infiltration. Infiltration levels used shall be 
consistent With th~ air leakage control package selected from 
Section 502.4 or the designer shall provide documentation for 
alternative assumptions. 

402.6.6 Heat Pu.ps. The h~ating season perfurmance factor 
(HSFF) for heat pumps shall be calculated using procedures 
cunsistent with Section 5.2 of the U.S. Department of Energy Test 
PrDcedure lor Central Air Conditioners, including heat pumps 
published in the December 27, 1979 Federal Register Vol. 44, No. 
24.10 CFR 430. Climate data as specified above. the proposed 
buildings D,erall thermal performance value (Btu/degrees F) and 
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the standardized input aS5umptions specified above shall be used 
to model the heat pumps HSPF. 

--) 
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CHAPTER 5 

BUILDING DESIGN BY CO"PONENT 
PERFOR"ANCE APPROACH 

SECTION 501 

SCOPE 

(Tables are found at the end of Chapter 5) 

501.1 General 

N~EC 

1he criteria of this chapter establishes the minimum 
requirements for the thermal design of the e.terior envelope of 
bUildings which use electrical enerqy as the primary form of 
space conditioning. and for other electric energy uSing 
components associated with the buildina operation. 

SECTION 502 

BUILDINS ENVELOPE REQUIRE"ENTS 

502.1 Seneral 

502.1.1 The stated Uo value of any assembly such as 
roof/ceiling, wallar floor mav be increased and the Uo value for 
other components decreased, provided that the total heat gain or 
loss for the e~tire building envelope does not exceed the total 
resulting from conformance to the Uo values specified in this 
section. Component heal lass or cooling coefficients shall be 
computed in accordance with the provisions of Chapter 23 and 25 
of RS-l and the requirements of this section. 

502.1.2 In addition to the criteria set forth in this 
section, the proposed design may take into consideration the 
thermal mass of building components in considering energy 
conservation when approved by the building offiLlal. 

502.1.3 When return air ceiling plenums are employed, the 
roof/ceiling assembly shall: 

B. For thermal transmittance purposed, not include the 
ceiling proper nor the plenum space as part of the assembly; and 

b. For gross area purposes, be based upon the interior face 
of the upper plenum surface. 

--} 
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502.1.4 Insulation: 

502.1.4.1. General. All insulating materIals shall comply 
wlth sections 1712 and/or 1713 of the Uniform Building Code. All 
insulation materials shall be placed in the buildlng envelope in 
such a manner as to provide for uniform R-Value. 

502.1.4.2 Clearances. Where requIred, insulation shall be 
installed with clearances maintained through installation of a 
permanent retainer. 

502.1.4.3 Access Hatches and Doors. Access doors from 
conditioned spaces to unconditioned spaces (e.g., attlcs and 
crawl spaces) shall be weatherstripped and insulated to a level 
equivalent to the Ins~lation on the surrounding surfaces. Access 
shall be provideJ to all equipment which prevents damaging or 
compressing the Insulation. 

502.1.4.4 Roof/Ceiling. Blown or poured loose-fill 
insul_tIoli ma'i be used in attic spaces where the slope of the 
roof is not less than 2-1/2 feet in 12 feet and there is at least 
30 inches of clear distance from the top of the bottom chord of 
the truss or ceiling joists to the underside of the roof 
sheathing at the roof ridge. When eave vents are installed, 
baffling of the vent openings shall be provided so as to deflect 
the inco~ing air above the surface of the insulation. Baffles 
shall be in place prior to the framing inspection. Baffles shall 
be of weather-resistant, rigid material. 

502.1.4.5 Itall Insulation. Insulation installed in 
exterior walls shall comply with the provisions of this section. 
All wall insulation balts shall fill the entire cavity and shall 
not be compressed. Exterior wall cavjties isolated during framing 
shall be fully insulated to lhe levels of the surrounding walls. 

502.1.4.6 Slab-On-Grade. Slab-an-grade insulation shall 
extend downward from the top of the slab for a .injmum distance 
of 24 inches or downward to the bottom of the slab then 
horizontally beneath the sldb for a minimum distance of 24 
inches. Insulation installed outside the foundation shall extend 
downward to a maKimum of 24 inches or to the frostline. Above 
grade insulation shall be protected. 

EXCEPTION: FDr 
ex lend dO~lnward 

the footing. 

monolithic slabs, the insulatIon shall 
from the tDP of the slab to the bot lam of 
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502.1.4.7 Below-Brade NaIl,. a. Below grade exterior wall 
insulation used on the exterior (cold) side of the wall shall 
extend fro. the top of the below-grade wall to the top of the 
footing and shall be approved for below-grade use. Above- grade 
insulation shall be protected. 

b. Insulation used on the interior (warn) side of the wall 
shall extend fron the top of the below-grade wall to the below
grade floor level. 

502.1.5 &lazingl For low-rile R-l and R-3 occupancies and 
other building, Ie" than 5000 'q ft. Compliance with the U
Values for glazing shall be certified using therlal translittance 
due to conduction test resultl from either RS-2B or RS-2C test 
procedures. Testing shall be conducted by a certified laboratory 
at a wind speed of 15 mph and using the residential sample lize 
specified in RS-2B. For the purpose of calculations the tested 
U-value may be adjusted to reflect a seasonal average condition 
of 7.5 nph using the procedure specified in Chapter 27 of RS-l. 

EXCEPTIONI U-Values for site- built fixed lites shall use 
window ther.al test results when available. 

502.1.6 "oi,ture control. 

502.1.6.1 Vapor Retarders. Vapor retarders shall be 
installed on the war. lide (in winter) of insulation as specified 
in the following casesl 

EXCEPTIONI Vapor retarder installed with not lore than 1/3 
of the nominal R-Value between it and the conditioned 
space. 

502.1.6.2 Nalls, Ceiling', and Floors. Nalls, ceilings, 
and floors separating conditioned space fro. unconditioned space 
shall have a vapor retarder inltalled. The vapor retarder shall 
have a one per. dry cup rating or less. 

502.1.6.3 Slab-On-Brade. Slab-an-grade floors Ihall have 
a ground cover with a one-perm dry cup rating and approved for 
under slab use installed beneath the entire slab. 

EXCEPTION. Slabs installed on a 2" ainiau. gravel bas •• 

502.1.6.4 Bround Cover. A black ground 
(0.006 inch thick) polyethylene or approved equal 
over the ground within crawl spaces. The ground 
overlapped 12 inches linilu. at joints and shall 
foundation wall. 

36 
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EXCEPTION. The ground cover .ay be olitted in unheated 
craMI spaces if the craMI space has a concrete slab floor 
Mith a .inilul thickness of 3-1/2 inches. 

~02.1.7 
Occupancies 

Indoor Air 

~02.1.7.1. All structural panel cOIPonents Mithin the 
conditioned space Ihall cOlply Mith RS-24 for forlaldehyde 
elissions of .2 PP" for plYMood and .3 PP" for particle board and 
shall be so labeled. 

EXCEPTIONI SoftMood plYMood, particle board, Mafer board 
and oriented strand board Mith phenol based resins and 
staaped EXPOSURE 1 or EXTERIOR. 

502.1.7.2. Concrete slabs shall be a linilul 3-1/2" thick 
and shall be installed over a 4" thick coarse-grade gravel base. 

502.1.7.3. COlbultion appliances located Mithin the 
conditioned spice shill be either direct vent, forced draft or, 
other venting IYltel taking COlbultion air directly frol the 
exterior. 

EXCEPTIONSI 1. Fireplaces and Mood stoves Ihall cOlply 
Mith Section 502.4.3.5. 
2. Cooking appliances. 

502.1.8 "echanical Ventilation for 10M-rise R-l and R-3 
occupancies. Not Mithstanding the requirelents of Section 303 
and UBC Section 1205(a), a ventilation systea co.plying Mith NNEC 
Standard 125 and 12b shall be installed. The ventilation systel 
shall be capable of providing the folloMing ventilation 
rlquirelents: 

I. Spat Ventilation. Exhaust 
each bathrool and 100 cfl for 
interlittent operation. 

ventilation of 50 cfl for 
each kitchen clpable of 

2. Mhole Hause Ventilation. Outdoor air Ihall be suppilid 
to the conditioned 'pace at the rate of 10 cfl for each 
bedrool plus an additional 10 cfl for the relaining living 
area. The ventilation systel shall be capable of providing 
the outdoor air on a continuous basis and shall be provided 
Mith an autolatic control Mith a lanual override. 
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502.2 Criteria For All La.rise Braup R-l and R-3 Occupancies and 
For Other Buildings Less Than 5000 sq.ft. 

The building envelope will be dee.ed ~5 co.plying with this 
code if the c~lcul~ted heat loss of the proposed building il not 
greater than the heat 1011 of a reference building co.plying with 
the require.ents of Table No.5-I. The building heat lOIs shall 
be calculated using Equation 5.1, 5.2, 5.3 and 5.4. 

The reference building Ihlll have the s~lIe floor ~rell, grosl 
exterior w~ll area, grosl ceiling ~rea ~nd below gr~de wall or 
slab-on grade peri.eters as the proposed building. The reference 
building shall use an air exchange rate of .35 ACH. 

Co.ponent heat loss coefficients shall be c~lculatld uling the 
procedures in Ch~pters 23 and 25 of RS-l. The effects of ~ll 
heat flow p~ths, including fr~lIing lIe.bers and t~pering or 
cOllprelsion of the insulation shall be included. The buffering 
effects of adj~cent unheated spaces .~y be conlidered. The 
se~son~l aver~ge outdoor conditions .ay be used for deter.inltion 
of the outdoor ~ir fil.s. 

U = ______________ -L _____________ ••• (Equ~tion 5.1) 
.l + RI + R,. + Rn + .l 
f. f, 

IIHEREI U D the ther.~l trans.ittlnce of the ~Ise.bly. 
(Btu/hr·sq.ft.·-F) 

f_ outside ~ir fil. conductance 
f, inside air fil. conduct~nce 
R R.l = lIeasure of the resistance to the 

C pallage of heat for each elillent. 
(-F/Btu·sq.ft.·hr) 

C '" conductance, the heat flaw through a Ipecific 
.aterial of specific thickness 

Seneral Equltion for heat 1011: 

UA • U, A, or F, P, ......... (Equati an 5.2) 

IIHEREI UA .. co.ponent he~t 1 a liS 

U, '" cOllponent U-Value 
A. D co.ponent area (sq H) 

IF, .. 'collponent F-factor 
liP, " cOllponent peri.lter (H) 

I(for slabs and below grade Wills) 
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Effective Air Leakage Heat LOIs Rate: 

IIHEREI 

UA. = ACH x V x C" x D •• (Equation 5.3) 

UA.= heat loss fros infiltration 
tACH- effective air exchange rate 
V = Voluse of conditioned space 
C" s specific heat capacity of air 
D • density of air at building location 

t use .35 ACH for the Standard air leakage controls 
.20 ACH for the Advanced air leakage controls 

Building Total Heat Loss Rate: 

InlEC 

UA. s FP~ + FP. + UA. + UA M + UA. + UA. + UAc + UA, ••••• (Eq 5.4) 

IIHEREI 

--) 

FP b UA for bela" grade "ails 
FP. = UA for slab on grade floors 
A. = UA for floors over unconditioned spaces 
UA M a UA for "aIls above grade 
UA •• UA for glazing 
UA. = UA for doors 
UA. UA for ceilings 
UA, UA for air infiltration 

All units in Btu/hr/degrees F 

t - See Section 201 for definition of glazing. 

502.3 Criteria for All Other Building. 

502.3.1 Heating Criteria. 

502.3.1.1 la11.. The gross exterior "all shall have a 
cosbined therlal translittance value IUo) not exceeding the 
values given in Table No. 5-2. Equations 5.1 and 5.5 shall be 
used to determine acceptable cOlbinations to seet this 
requirement. For belo"-grade-"alls ,the thermal resistance of 
the insulation shall not be less than the value given in Table 
No. 5-2. 

--) 
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General equation for gross wall area: 

WHERE: Uw average thermal transmittance of opaque wall. 
Aw opaque area of exterior walls above grade. 
Ug the thermal transmittance of the glazing. 
Ag the glazing area, including sash. 
Ud the therm~l transmittance of the door. 
Ad th~ door area. 
Uo ti,e average thermal transmittance of the 

gross ~all area 
Ao = the gross wall area 

Note: Where more than one type of wall. and/or window and/or 
door is used, the U and A terms for those items shall be expanded 
into sub-elements as: 

(Uwl x Awl) + (Uw2 x Aw2), + ••• etc. 

Calculations shall in~lude the efiects of all heat flow paths, 
including framing members. 

502.3.1.2 Roof/Ceiling. The gross roof/ceiling baitding 
that-i~-h@at@d-andfor-m@ehan~eally-eooi@rl shall have a combined 
thermal transmittance value IUo) tor-th@-gro~~-ar@a-of-th@-roof 

a~~@mbiy not exceeding the value given in Table No. 5-2. 
Equations 5.1 and 5.6 shall be used to determine acceptable 
combinations to meet this requirement. 

General equation for qross roof/ceiling area: 

Ua = [U. x A. + U. X A.l/Aa ............• (Equation 5.6) 

WHERE: 

Note: 
skylight 
expanded 

Ur 

Ar 
Us 
A~ 

Uo 

Ao 

Where 
is used, 
Into its 

the thermal transmittance of opaque 
roof/ceiling. 
opaque roof/ceiling area. 

the thermal transmittance of skylight. 
s~vllghl area (Including frame). 

the average thermal transmittance of the 
gross roof/ceiling 
the gross roof/ceiling area 

more than one 
the U x A term 
sub-elements, as: 

type 
for 

of 
that 

roof/celling and/or 
exposure shall be 

(Uri x Arl) + (Ur2 x Ar2). + ••• etc. 
Calculations shall include the effects of all heat flow paths, 

including framing members. 

40 



1987 Edition NNEC 

502.3.1.3 Floors over unheated spaces. For floors of 
heated spaces over unheated spaces. the Uo value shall not exceed 
the value given in Table No. 5-2. For-ftoor~-o.er-otltdoor-air~ 

@~po~ed-to--e~tertor--ambient--condition~--'t,e,.--o¥@rhanq~t~-Ho 

.attle~-for--heating-~hslt-meet-the-~sm@-reqtlirem@nt~-a~-~ho"n-for 

the-qro~~-rooficeitinq-in-1abte-Ho.-5-~, 

502.3.1.4 Slab-on-grade floors. For heated and unheated 
slab-on-grade floors. the thermal resistance of the insulation 
around the perimeter of the floor shall be not less than the 
value given in Table No. 5-2. --'h@-in~tltation-~hatt-@~tend 

do"n"ard-from-th@-top-of-the--~tab-for--a-mtntmtlm--di~tance-of-i4 

inch@~-or--do"n"ard-to--the-bottom--of-th@-~tsb-th@n-hori:ontatty 

bene8th-the-~t8b-for-a-minimtlm--totat-di~tance--of-i4--inche~-and 

~hall-be-of-sn-8ppro¥ed-type. 

502.4 Air Leakage for All Buildings 

502.4.1 General. 
apply to all buildings and 
apply to those locations 
from interior spaces that 
and are not applicable to 
spaces from each other. 

The requirements of this section shall 
structures. or portions thereof. and 
separating exterior ambient conditions 
are heated and/or mechanically cooled 
the separation of Interior conditioned 

502.4.2 Exterior door! and Windows shall be deSigned to limit 
air leakage into or from the building envelope. Manufactured 
doors and windows shall have air infiltration rates not exceeding 
those shown in fable No. 5-3. Site-constructed doors and windows 
shall be sealed In accordance With 502.4.3. 

502.4.3 Standard Air Leakage Control: 

502.4.3.1 These requirements shall apply to all buildings. 

502.4.3.2 Penetrations. The followlno ooenings in the 
building envelope shall be caulked or otherWise sealed to limit 
infiltration: a. Around glazing and door frames. between the 
unit and the interior sheet rock or the rough framing: 

b. Between all exterior wall sole plates and the structural 
floor. using two rows of caulking or an alternate approved 
procedure: 

c. Over all framing joints where floors over conditioned 
spaces intersect exterior walls (e.g., at rim and band Joists), 
using a hiQh permeance Infiltration barrier or alternate approved 
technique: 

d. Around penetrations in the building envelope for ducts, 
plumbing. electrical and utilities in walls. ceilings and floors; 

e. At all openings or jOints in the ceiling membrane: 
f. At the top and bottom of the mudsill (basements only and 
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underfloor plenums); 
g. At all other penetrations in the building envelope. 

502.4.3.3 Electric Outlets. Electric outlet plate gaskets 
shall be installed or the boroes sealed on all electrical outlets 
in the exterior walls, ceiling or floor. 

502.4.3.4 
joints and corners 
interior surfaces. 

Duch. HVAC ducts shall be sealed at all 
at junctions between outlet registers and 

502.4.3.5 Mood stoves and Fireplaces. Masonry ind 
factory-built fireplaces and wood stoves shall be installed with 
the following: a. Tight-fitting. closeable metal or glass doors 
covering the entire opening of the firebox. 

b. A combustion air intake from outside of the conditioned 
space directly into the firebol. at least 6 square inches in 
area. and equipped with a readily accessible. operable, and 
tight-fitting damper. 

c. For masonry fireplaces only. a tight-fittIng flue damper 
with a readily accessible manual control. 

502.4.3.6 Exhaust Systeas: Fans or other systems 
exhausting air from the building to the outside shall be provided 
with backdrlft or automatic dampers to limit air leakage. 

EXCEPTION: Lowrise R-l and R-3 occupancies and other 
buildings less than 5000 SQ ft shall be exempt frOM all of 
the requirements of Section 502.4.2 and 502.4.3 if: a. The 
air exchange rate for the building is 7.0 air changes per 
hour or less when tested in accordance with RS-2~ when 
depressurized to 50 p~scals. or 

b. The average air exchange rate for the building is 
.35 ACH or less as measured over a two week period of the 
heating season when tested in accordance with RS-23. 

502.4.4 Advanced Air leakage Control. These requirements may 
only be used for low rise R-I and R-3 occupantles or other 
occupancies less than 5000 sq. ft. In additIon to the 
reQuirpments of Section 502.4.3, the following shall be prOVided: 
a. An air-to-air heat exchanger or exhaust air heat pump 
complying wilh the requirements of NWEC Standard *25 and *26. 

b. Conlinuous Air Barrier: A continuous air barrier installed 
OVH ,<II e>:terior ceilings. extenor floors, and el:tenor walls 
and sealed at all intersections of these components to create a 
continuous air barrier over the entire envelope of the building. 
Joints shall be structurally supported and sealed. Flexible 
sheet air Infl Ilration barriers shall be lapped at least 6 inches 
at a framing member. and permanently fixed to prevent separation. 
All opening" in the air barrier includinQ nps and tears shall be 
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sealed. Ceilings with plank and beam construction eKposed to the 
, conditioned space shall have the air barrier placed on top of the 

planking and sealed directly to the wall air barrier with 
compression gaskets, caulking or sealant as approved. Post and 
beam floors with decking shall have the air b~rrier placed on top 
of the decking and sealed directly to the wall air barrier with 
compression gaskets, caulking ~r sealant as approved. 

--) 

EXCEPTION: Buildings shall be exempt from all require.ents of 
Section 502.4.2, 502.4.3 and 502.4.4.b. provided: a. The air 
exchange rate for the building is 1.B air changes per hour or 
less when tested in accordance With RS-22 when depressurized 
to 50 pascals; or 

b. The average air exchange rate for the building is .1 ACH 
or less seasonal average without the heat recovery ventilation 
in operation or .35 ACH sea~onal average with heat recoverv 
ventilation system in operation as measured over a two week 
period of the heating season when tested in accordance With 
RS-23. 

SECTION 503 

BUILDING "ECHANICAL SYSTE"S 

503.1 General 

This section covers the determination of heating and cooling 
loads, design requirements, system and component performance, 
control requirements, insulating systems and duct construction. 

EXCEPTION: Special applications for process loads t"~ittdi"~l 
bttt--not---ti~it~d--te,---ho~pit~t~.--t~bor~teri~~,--th~r~attV 

~en~ttiv~-~qHipm~"t-room~1-eOmpttt~r-ro~~~,-a"d-facittti~~-with 

ope"-refrt~eret~d--dt~piev--ca~~~ may be exempted from the 
requirements of Section 503 when approved by the building 
official. 

503.2 Calculations of Heating and Cooling Loads and Systea 
Sizing Liait, 

The design parameter~ specified in Chapter 3 shall apply for 
all computations. 

503.2.1 calculation Procedures. Heating and cooling design 
loads for the purpose of sizing systems shall be determined in 
accordance with one of the procedures described in Chapters 25 
and 26 of Standard RS-I or an equivalent computation procedure. 
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503.2.2 Infiltration. Infiltration for heating and cooling 
design loads shall be calculated for all buildings ~~ee~~-on~

&nd--t"e-f&mi~1--d"ettin~~--ma1--tl~e using the methods identified 
above or other accepted engineering practice by the procedures in 
Chapter 22 of Standard RS-I. earettra~ton~-fo~-one--and-~"o

t!mtrr-d"errtng~-maY-tt5e--e~e-m~e~od5--td~nettted-a~oye--o~-o~~e~ 

!eee~e~d-~nginee~tng-p~ae~ree. 

503.2.3 Space Heating and Cooling Syste. Sizing Li.its for 
Low-Rise R-l and R-3 Occupancies and other buildings less than 
5000 sq.ft. Building mechanical systems which provide space 
heating andlor space cooling shall be sized no greater than 150 
percent of the design load as calculated above. 

EXCEPTION: For heat pumps, compliance need only be 
demonstrated for either the space heating or space cooling 
system size. Where compliance is demonstrated for the 
spoce (Doling systpm size, the supplementary heat element 
either shall be the smallest element available for that 
heat pump or the sum of the heat pump element plus the 
sup~lementary heat element shall not exceed 150 percent of 
the deSign heating load. 

503.3 Si.uItaneOU5 Heating and Cooling 
--) 

Each te~perature control zone shall include thermostatic 
controls installed and operated to sequence the use of heating 
and cooling enerQY to satisfy the thermal andlor humidity 
requirement of the zone. Controls shall prevent reheating 
(heating air thal is cooler than svstem mixed air), recooling 
(cooling air that is ~armer than the system mixed air). mixing or 
simultaneous supply of warm air (warmer than system return air 
mixed air) and cold air (cooler than system mixed air). or other 
simultaneous operation of heating and (Doling systems to one 
zone. For the purposes of this section. system mixed air is 
defined as svslem return air mixed wilh the minimum ventilation 
air reQLtirement by Section 303.1. 

EXCEPTIONS: 1. Variable air volume systems designed to 
reduce the air supply to each zone during periods of 
occupancy to the larDer of the followinQ: 
•• ,(1% or less of the peak supply volume. 
b. The minimum allowed to meet ventilation reouirements of 

5ec..l i on 303.1. 
c. 0.5 cfm/ft.2 of zone conditioned area before reheating. 

recooling or mixing takes plaCE. Consideration shall be 
given to supply air temperature reset co~trol. 
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2. The energy for reheating, or providing warm air in 
mixing systems, is provided entirely from recovered energy that 
would otherwise be wasted. or from nondepletable energy sources. 
In addition. the syste~ shall co~ply with Section 503.7 without 
exception. 

3. Areas where specific humidity levels are required to 
satisfy process needs. 

4. Where special pressurization relationships or cross-
contamination requirements are such that variable air volume 
svste~s are impractical. supply air temperatures shall be reset 
by representative building load or outside air temperature. 

503.4 HVAC Equip.ent Perfor.ance Require.ents 

503.4.1 Equip.ent Co.ponents. 

503.4.1.1 The requirements of this section apply to 
equipment and mechanical co_ponent performance for heating, 
ventilating and air-conditioning systems. Equipment efficiency 
levels are specified. Data furnished bv the equipment supplier 
or certified under a nationally recognized certif1cation progra~ 
or rating procedure shall be used to satisfy these requirements. 
Equipment effic1encies shall be based on the standard rating 
conditions in Table No. 5-7, 5-8 or 5-9 as appropriate. 

503.4.1.2 Where components from more than one manufacturer 
are assembled into systems regulated under this section. 
compliance shall be as specified in paraQraphs 503.4.2 through 
503.4.6 

503.4.2 HVAC Syste. Heating Equip.ent Heat Pu.p-heating "ode. 
Heat pumps whos~ energy 1nput is entirely electric shall have a 
coefficient of performance (COP) heating, not less than the 
values in T.ble No. 5-4. 

503.4.2.1 These requirements apply to, but are not limited 
to, unitary (central) heat pumps (air source and water source) in 
the heating mode. to water source (hydronic) heat pumps as used 
in multiple-unit hydronic HVAC systems, and to heat pumps in the 
packaged terminal air-cond1tioner and room air conditioner forms 
in the heating mode. 

503.4.2.2 Coefficient of perfor.ance (COPI heating. The 
ratio of the rate of net heat out to the rate of total on-site 
energy input tO,the heat pump, expressed 1n consistent units and 
under deSignated rating conditions. 

The rate of net heat output shall be defined as the change in 
the total heat content of the air entering and leaving the 
equipment (not including supplementary heat and heat from 
boilers). 
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Total on-site energy input to the heat pUMP shall be 
determined by combining the energy inputs to all elements, except 
suppleMentary heaters and boilers, of the heat pump, including, 
but not limited to compressors(s), compressor sump he~ters(s), 

pump(s), supply-air fans(s), return-air fans(5), outdoor-air 
fans(I), cooling-tower fans(s), and the HVAC system equipment 
control circuit. 

503.4.2.3 Supple.entary Heater. The heat pump shall be 
inst~lled with ~ control to prevent supplementary hater operation 
when the operating load can be let by the heat pump alone. 

Supplementary heater operation is permitted during transient 
periods, such as Itart-ups, following rool therMostat set-point 
advance and during defrost. 

A two-stage thermostat, which controls the supplementary heat 
on its lecond stage, shall be accepted as leeting this 
requirement. The cut-on telperature for the compression heating 
shall be higher than the cut-on temperature for the supplementary 
heat, and the cut-off telperature for the compression heating 
shall be higher than the cut-off temperature for the 
supplementary heat. Supplementary heat lay be derived frol any 
source, including, but not li~ited to, electric resistance, 
cOlbustion heating or solar or stored-energy heating. 

503.4.3 (reseryed) 

503.4.4 "echanical Ventilation. Each .echanical ventilation 
systel (supply and/or exhaust) shall be equipped with a readily 
acclssible switch or other Means for shutoff or volUMe reduction 
and shutoff when the ventilation is not required. Autolatic or 
gravity dampers that close when the sYltem is not operating shall 
be provided for outdoor air intakes and exhausts. There is no 
standard at this tile for dalper leakage. Automatic or manual 
d •• pers installed for the purpose of Ihutting off ventilation 
systels shall be designed with tight shutoff characteristics to 
minimize air leakage. 

EXCEPTIONSI "anual dampers for outdoor air intakes eay be 
used in the following cases: For RI and R3 buildings; or when 
the fan systel capacity is less than seee 3500 cfl. 

503.4.5 HVAC Syete. Equip.ent, Electrically Operated, Cooling 
"ode. HVAC system eqUipment as listed below, whose energy input 
in the cooling lode is entirely electric, shall have an energy 
efficiency ratio (EER) or a Coefficient of Performance (COP) 
cooling not less than values in Table No. 5-5. 

46 



1987 Edition NMEC 

503.4.5.1 These requirements apply to, but are not limited 
to, unitary (central) and packaged terlinal heat pUlpS (air 
source and water source); packaged terminal air conditioners and 
rool air telperatures. 

EXCEPTIONI These requirements do not apply to eq~iplent 
used in areas such as superlarkets having open 
refrigerated food display cases or computers or other 
equipment contributing a large amount of heat to the area 
served. 

503.4.5.2 Coefficient of Perfor.ance (COP) Cooling. The 
COP is the ration of the rate of net heat removal to the rate of 
total on-site energy input to the air conditioner expressed in 
consistent units and under designated rating conditions. 

The rate of net heat removal shall be defined as the change in 
the total heat content of the air entering and leaving the 
equiplent (without heat). 

Total on-site energy input shall be determined by combining 
the energy inputs to all elements supplied with the package of 
the equipment including but not limited to cOlpressor(s), 
compressor sump heater(s), pumps(s), supply-air fans(s), return
air fan(s), condenser-air fan(s), cooling-tower fanll) and 
pUlp(S) and the HVAC systel equipment control circuit. 

503.4.6 Applied HVAC SYlte. Co.ponent., Electrically 
Operated, Cooling "ode. HVAC Systel cOlponents, as listed in 
Table NO. 5-6, whose energy input is entirely electriC, shall 
have an energy efficiency ratio (EER) or a Coefficient of 
Perforlance (COP) cooling not less than the values in Table 5-6. 

503.4.6.1 Coefficient of perfor.ance (COP) coolingl The 
COP is the ration of the rate of net heat removal to the rat. of 
total on-site energy input, expressed in consistent units and 
under designated rating conditions. 

The rate of net heat removal from the component is defined as 
the difference in total heat content of the water or refrigerant 
entering and leaving the cOlponent. 

Total (on-site) energy input to the component shall be 
deterlined by cOlbining the energy inputs to all elements and 
accessories as included in the component, including but not 
limited to, compressor(s), internal circulating pUlpll), purge 
devices, and the HVAC sYltem component control circuit. 

503.5 Transport Energy 

503.5.1 All-air Sy.t.... The air transport factor for each 
all-air systel shall be not less than 5.5. The factor shall be 
based on design system air flow for constant volume systel.. The 
factor for variable air volume systems lay be based on average 
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conditions of operation. Energy for transfer of air through heat 
recovery devices shall not be included in deter.ining the factor; 
hOMever, such energy shall be included in the evaluation of the 
effectiveness of the heat recovery syste •. 

Air Transport Factor =Space Sensible Heat Removal' 
Supply + Return Fan(s) POMer Input* 

'Expressed in Btu/h or Matts 

For purposes of these calculations, Space Sensible Helt 
Re.oval is equivalent to the maximum coincident design sensible 
cooling load of all spaces served for which the syste. provides 
cooling. Fan POMer Input is the rate of energy delivered to the 
fan pri.e lover. 

~03.~.2 Other Syste ••• Air and Mater, all-Mater and unitary 
syste.s e.ploying chilled, hot, dual-te.perature Dr condenser 
Mater transport systems to space terminals shall not require 
greater transport energy (including central and ter.inal fan 
pOMer and puap pOMer) than an equivalent all-air system providing 
the saae Ipace sensible heat removal and having an air transport 
factor not lesl than 5.5. 

~03.b Balancing 

The HVAC system design shall provide an accessible means for 
balancing air and Mater systems. In doing so, the considerationl 
shall include, but not be limited to, da.perl, teaperature and 
pressure test connections and balancing valves. 

~03.7 Cooling Mith Outdoor Air (Econa.izer Cycle) 

Each fan systel shall be designed to use up to and including 
100 percent of the fan system capacity for cooling Mith outdoor 
air automatically Mhenever its use Mill result in lONer ulage of 
neM energy. Activation of economizer cycle shall be controlled 
by senling outdoor air enthalpy or outdoor air dry-bUilt 
telperature alone or alternate means approved by the building 
official. 

EXCEPTIONS: Cooling Nith outdoor ~ir is not required under 
anyone Dr lore of the folloMing conditions: 1. The fan 
system capacity is less than 5eee 3,500 cfm or total 
cooling capacity is less than ~3~,eee 90,000 Btu/h. 
2. The quality of the outdoor air is so poor as to require 
extensive treatment of the air and approval by the building 
official. 
3. The need for hu.idification Dr dehuaidification 
requires the use of more energy than il conserved by the 
outdoor air cooling on an annual basis. 
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--) 

--) 

4. The use of outdoor air cooling may affect the operation 
of other systems so as to increase the overall energy 
consumption of the building. 
5. When energy recovered from 
heat recovery system exceeds 
outdoor air cooling on an annual 

an internal/external zone 
the energy conserved by 
basis. 

o. When all space cooling is accomplished by a circulating 
liquid which transfers space heat directly or indirectly to 
a heat rejection device such as a cooling tower without use 
of a refrigeration system. 
7. When the use of 100 percent outside air will cause coil 
frosting, controls may be added to reduce the quantity of 
outside air. However, the intent of this exception is to 
use 100 percent air in lieu of mechanical cooling when less 
energy usage will result and this exception applies only to 
direct expansion systems when the compressor(s) is running. 

8. For dwelling portions of R-I and R-3 occupancies. 

503. B Controls 

503.B.l Te.perature Control. Each system shall be provided 
with at least one adjustable thermostat for the regulation of 
temperature. Each thermostat shall be capable of being set by 
adjustment Dr selection of sensors as follows: 

503.B.l.1 
degrees F. 

When used to control heating only: 55 to 75 

503.B.l.2 When used to control cooling only: 70 to 85 
degrees F. 

503.B.l.3 When used to control both heating and cooling, 
it shall be capable of being set from 55 to 85 degrees F and 
shall be capable of operating the system heating and cooling in 
sequence. The thermostat and/or control system shall have in 
adjustable deadband of op-to not less than 10 degrees F except as 
allowed by the second subparagraph of 503.3.3.5. 

503.B.2 Hu.idity Control. If a system is equipped With a 
means for adding moisture to ~aintain specific selected relative 
humidities in space or zones, a humidistat shall be provided. 
Humidistats shall be capable of being set to prevent new energy 
from being used to produce space-relative humidity above 30 
percent. When a humidistat is used in a system for controlling 
moisture removal to maintain specific relative humidities in 
spaces or zones, it shall be capable of being set to prevent new 
energy from being used to produce a space-relative humidity of 
less than 60 percent. 
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EXCEPTION: Special occupancies requiring different 
relative humidities may be permitted. 

503.8.3 Zoning for Te.perature Control 

NNEC 

503.8.3.1 One- and Two-Fa.ily Dwellings. At least one 
thermostat for regulation of space temperature shall be provided 
for each separate system. In addition, a readily accessible 
manual or automatic means shall be provided to partially restrict 
or shut off the heating and/or cooling input to each zone or 
floor. 

503.8.3.2 "ultifa.ily Dwellings. For multifamily 
dwellings, each individual dwelling unit shall have at least one 
thermostat for regulation of space temperature. A readily 
accessible manual or automatic means shall be provided to 
partially restrict or shut off the heating and/or cooling input 
to each room. Spaces other than living units shall .eet the 
requirements of 503.B.3.3. 

503.8.3.3 Other types of buildings or occupancies. At 
least one thermostat for regulation of space temperature shall be 
provided for: a. Each separate system. 

b. Each separate zone as defined in Chapter 2. As a mInimum, 
each floor of a building shall be considered as a separate zone. 
In a multistory building where the perimeter system offsets only 
the transmission losses of the exterior wall, an entire side of 
uniform exposure may be zoned separately. A readily iccessible 
manual or automatic means shall be provided to partially restrict 
or shut off the heating and/or cooling input to each floor. 

503.8.3.4 Control setback ind shutoff. a. One- and 'wo-
Family and Multifamily Dwellings: The thermostat required in 
503.B.3.1 and 503.B.3.2 or an alternate means, including, but not 
limited to, a switch or clock, shall provide a readily accessible 
Manual or automatic means for reducing the energy required for 
heating and cooling during periods of nonuse or reduced need 
including, but not limited to, unoccupied periods and sleeping 
hours. Lowering thermostat set points to reduce energy 
consumption of heating systems shall "not cause energy to be 
expended to reach the reduced setting. 

b. Other buildings and occupancies: Each system shall be 
equipped with a readily automatic means of shutting off or 
reducing the energy used during periods of nonuse or alternate 
uses of the building spaces or zones served by the systeM. 
Acceptable Means include, but are not limited to: 

Manually adjustable automatic timing devices. 
Manual devices for use by operating personnel. 
Automatic control systems. 
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503.9 Air Handling Duct Syst •• Insulation. 

Ducts, plenums and enclosures installed in or on buildings 
shall be thermally insulated as folloM'1 

503.9.1. Duct system., Dr portions thereof, sh~ll be 
insulated to provide a thereal resistance, excluding air filas of 
R-II Mhen installed outside the conditioned sp~ce. A 
Meatherproof barrier shall be provided to protect ~ny exterior 
in.ulation. All ducts for mechanical cooling shall provide ~ 

v~por retarder Mith a drycup rating not greater than 0.05 pere. 

--) 

EXCEPTIONSI Duct insulation (except Mhere required to prevent 
condensation) is not required in any of the folloMing cases: 

I. When the heat gain Dr loss of the ducts, Mithout 
insulation, Mill not increase the energy requirements of the 
building. 

2. Within the HVAC equipaent. 
3. Exhaust air ductl. 

503.10 Duct Construction 

Duct Mork shall be constructed and e~ee~ed installed in 
accordance Mith Standards RS-15, RS-Ib, RS-17, RS-18, RS-19 or 
RS-20, as applicable, and the Unifore "echanic~l Code. 

503.10.1 High-pressure and eediue-pressure ducts shall be 
leak telted in accordance Mith the ~pplic~ble £tand~rdl in 
Chapter B of this code Mith the rate of air leakage not to exceed 
the aaximue rate specified in that standard. 

503.10.2 When 10M-pressure supply ~ir ducts are located 
outside of the conditioned space, ~ll ~~.nlye~le joints sh~ll be 
sealed. All material used Mithin the air plenum shall coeply 
Mith the Unifore Mechanical Code. 

503.10.3 Automatic or .anu~l daapers installed for the 
purpose of shutting off outside air intake. for ventilation air 
shall be designed Mith tight shutoff characteristics to ainiaize 
air leakage. 

503.11 Piping Insulation. All piping installed to .erve 
buildings (and Mithin) shall be thermally insulated in accordance 
Mith Table No. 5-10. Fo service hot Mater systeas see section 
504.7. 

EXCEPTIONSI 
folloMing 
equipment. 

Piping insulation is not required in any of the 
casesl 1. Piping installed Mithin unitary HVAC 

2. Piping at temperatures betMeen 55 and 100 degree. F. 
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3. When the 
insulation, 
building or 
SysteM. 

heat loss and/or heat gain of the piping, without 
does not increase the energy requireMents of the 

is used as a component of a designed Heating 

--~ 
503.11.1. Other Insulation Thickn.... Insulation thickness 

in Table No. 5-10 is based on insulation having thermal 
resistance in the range of 4.0 to 4.0 per inch of thickness on a 
flat surface at a Mean teMperature of 75 dlgree F. "ini~u. 
insulation thickness shall be increased for Materials having 'R' 
values less than 4.0 per inch, or say be reduced for Materials 
having 'R' values greater than 4.0 per inch. 

a. For materials with therMal resistance greater than R • 4.0 
per inch, the MinimUM insulation thickness May be reduced as 
follows: 

4.0 x (Table 5-10 Thickness) c New MiniMUM Thickness 
Actual Resistance 

b. For Materials with thermal resistance less than R = 4.0 per 
inch, the miniMUM insulation thickness shall be increased as 

I folloNsl 

4.0 x (Table 5-10 Thickness) 
Actual Resistance 

New Hini.uM Thickness 

c. Additional insulation with vapor barriers shall bl provided 
to prevent condensation where required. 

SECTION 504 

SERVICE WATER HEATINB 

504.1 Scop. 

The purpose of this section is to provide criteria for design 
and equipment selection that Nill produce energy savings when 
applied to service water heating. 

504.2 Wat.r Heaters, Storage Tanks and Boilers 

504.2.1 Perfor.ance Efficiency. 

Electric storage Nater heaters shall .eet the requirements 
of ASHRAE Standard 90A-80 and be so labeled. 

All electric Nater heaters in unheated spaces shall be 
placed on an incompressible, insulated surface with a MiniMUM 
thermal resistance of R-IO. Electric water heaters placed on 
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floors insulated to I mini.u. of R-IO shall be deemed to meet 
with this requirement. 
--) 

504.2.2 Insulation. Heat loss from unfired hat-water storage 
tanks shall be limited to a aaxi.aum of .3rb 9.6 Btu/hr/ft of 
external tank surface area. The design ambient te.perature shall 
be no higher than 65 degrees F. 

504.2.3 Co.bination Service Mater Heating/Space Heating 
Bailers. Service wlter heating equipment shall not be dependent 
on year round operation of space he.ting boilers. 

EXCEPTIONSI 1. Systems with service/space heating boilers 
having a standby loss Btu/h less than: 

(13.3 pld + 400)/n 

deterMined by the fixture count let had where: 

pmd probably aaximuM demand in gallons/hour as determined 
in accordance with Chapter 37 of Standard RS-II. 

n = fraction of year when outdoor daily .ean temperature 
exceeds 64.9 degrees F. 

The standby loss is to be determined for a test period of 24 
hour duration while maintaining a boiler water temperature of 
90 degrees F above an aMbient of 60 degrees F and a 5 foot 
stack on appliance. 
2. For systeas where the use of a single heating unit will 
lead to energy savings, such unit shall be utilized. 

504.3 Auto.atic Control. 

Service water heating systels shall be equipped with auto.atic 
te.perature controls capable of adjustMent frOM the lowest to the 
highest acceptable te.perature settings for the intended use. 
TeMperature letting range shall be in accordance with Table 2 in 
Chapter 37 of Standard RS-II. 

504.4 Shutdo.n A separate switch shall be provided to per.it 
turning off the energy supplied to electric service water heating 
systems. A-separate--vatve-shati--be-provtded--to-per.tt-turntn9 
aff-the--energy-5upptied-ta-the-.atn-burner~5+-of-att-ather-typ.' 
of-servtee-water-heater-syste.s~ 

504.5.1 All pool heaters shall be equipped with readily 
accessible ON/OFF switch MDU"~ed--fDr--e.'T--.ee ••• to allow 
shutting off the operation of the heater without adjusting the 
thermostat setting and-to-attow-restarttng-wtthout-retight,ng-the 
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priot-irqht. Controls shall 
telperature to be regulated 
down to b5 degrees F. 

be provided to allow the wlter 
frol the laxilul design teaperature 

504.5.2 Pool Covers. Heated swilling pools shall be equipped 
with an approved pool cover. 

--> 

Circulating hot water systel. shall be .~~.n~rd controlled 10 

that the circulation pUlp!l) can be conveniently turned off, 
autolatically or lanually, when the hot water syst.1 i. not in 
operation. 

504.7 Pipe Insulation 

For recirculating systel', ptptng shall be ~*.*~ed--~o-• 
•• xtlul-of-i~~5-Btuih-per-iinear-foot-of-pipe theraally inlulated 
in accordance with Table 5-10 for--iow-telperlture-appiiclttons~ 
whrch-ts--blsed-on--destqn-externli--telperature-no-iower-thlft-65 
deqrees-F~--ether-destqn-te.perlture.-.u.t-be-clicuilted. 

504.8 Cons.rvation of Hot Mater 

504.8.1 Showerl. Showlrs uSld for other than safety reasons 
shall be equipped with flow control devices to lilit the laxilul 
hot water discharge to ~ 2.75 gpl rated at distribution preslures 
frol 20 to 80 psi. 

504.8.2 Lavatories in Rest Roo •• of Public Faciliti.s shall, 

504.8.2.1 Be equipped with outlet devices 
flow of hot water to a laxiaua of 0.5 gpi or 
'Ilf-closing valves that lilit delivery to a 
gallons of hot water for recirculating systels 
of 0.50 gallons for nonrecirculating systels. 

which lilit the 
be equipped with 
laxilul of 0.25 
and to a laxiaus 

EXCEPTION. Separate lavatories for physically handicapped 
persons shall not be equipped with self-closing valves. 

504.8.2.2 Be equipped with devices which lilit the outlet 
tllperature to a laxilua of 110 degrees F. 
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SECTION 505 
ELECTRICAL POMER AND LI6HTIN6 

NNEC 

Electrical pOMer ind lighting systems shall be designed to 
conserve energy as provided herein. 

505.2 Electrical Energy Consu.ption 

In multifamily dMellings, provision shall be ~ade to 
determine the electrical energy consumed by each dMelling unit by 
separately metering individual dMelling units. 

EXCEPTION: Motels, hotels, college dormitories and other 
transient facilities. 

505.3 lighting POMer Budget 

A lighting pOMer budget is the upper limit of the power to be 
available to provide the lighting needs in accordance Mith the 
criteria and calculation procedure specified herein. 

The lighting paMer budget for a building shall be the sum of 
the paMer li.its computed for all lighted interior and exterior 
spaces and shall be determined in accordance Mith the procedures 
specified in this section. 

EXCEPTION: R-3 occupancies and the dwelling portions of R-I 
are exempt from the require.ents of Section 505.3. 

505.3.1 Budget Develop.ent. 

505.3.1.1 The installed lighting wattage for the building 
shall not exceed the budget level calculated in this section. 
The budget wattage level shall be the sum of the interior budget 
calculated in accordance with subsection 503.3.2 and the exterior 
budget calculated in accordance Mith subsection 503.3.4. 
Lighting wattage includes lamp and ballast Mattage. 

EXCEPTION: 
sales (retail 
the Building 
procedures in 

The interior lighting budget for office and 
and wholesale) occupancies, Mhen approved by 

OffiCial, may be calculated using the 
Chapter 10. 

505.3.1.2 When insufficient inforlation is known about the 
• specific use of the building space, the budget shall be based on 

the apparent intended use of the building space. 
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505.3.2 Building Interior.. The interior lighting budget 
shall be calculated by .ultiplying the gross floor area, in 
square feet, by the appropriate unit power budget, in witts per 
square foot, specified in Table No.5-II. 

The lighting pONer budget shall be based on the pri.ary 
occupancy for Nhich the space within the building is intended. 
If Multiple occupancies are intended, the lighting pONer budget 
for each type of occupancy shall be separately calculated and 
su •• ed to obtain the lighting budget for the interior spacel of 
the building. If a cO.lon circulation area serves .ultiple 
occupancies or .ultiple retlil spaces, the lighting power budget 
for the common circulation area shall be the Neighted average of 
the lighting power budgets for all other areas on that floor. In 
cases where a lighting plan for only a portion of a building is 
sublitted, the interior lighting budget shall be based on the 
gross floor area covered by the plan. 

--) 

EXCEPTION: Where the following autolatic lighting controls 
are installed for calculation purposes, the installed 
lighting wattage .ay be reduced by the following 
percentagesla. For occupant-sensing devices, energy savings 
of 30 percent shall be alloNed for any single space up to 
250 square feet and enclosed by ceiling height partitionl; 
classrooms, conference rooms, computer rooms, storage 
areas, corridors, or waiting rools. 
b. For daylighting controls, energy savings of 30 percent 
for continuous dimming and 20 percent for stepped controIs 
shall be allowed for spaces which have transparent glazing. 
c. For IUlen maintenance controls, energy savings of 10 
percent shall be alloNed for any space. 
d. For daylighting controls with occupant-sensing devices, 
energy savings of 44 percent shall be allowed for any 
single space up to 250 square feet within spaces with 
transparent glazing L enclosed by ceiling height 
partitions. 
e. For occupant-sensing devices with lu.en maintenance 
controls, energy savings of 37 percent shall be alloNed for 
any single space up to 250 square feet and enclosed by 
ceiling height partitions. 

505.3.2.1. lighting for the following applications Ihall 
be exe.pted from inclusion in the calculation of lighting power 
budgets: 

a. Stage lighting, lighting for art objects, entertainment, or 
audiovisual presentations Nhere the lighting is an eSlential 
technical element for the function performed. 
b. lighting for medical and dental tasks. 
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--) 

c. Lighting in areas specifically designed for visually 
handicapped people. 
d. For restaurant occupancies, lighting for kitchens and food 
preparation areas. 
e. Power required for trickle-charging for battery powered 
emergency lighting. 

505.3.4 Building Exteriorl. The exterior lighting budget 
shall be calcullted by multiplying the building peri.eter in feet 
by 7.5 watts per foot. Lighting for parking structure shall be 
calculated at 0.3 watts per gross square foot of parking area. 
An alloNance for outdoor surface parking and circulations 
lighting may be added at 0.05 watts per square foot of area. 
Lighting for signs that are not an integral part of the building 
shall be exe.pted from inclusion in these calculations. 

--) 

505.4 Lighting Switching. 

--> 
Switching for building lighting systems shall be designed and 

installed to permit efficient use of energy and to permit maximum 
flexibility in the use of the installed lighting. The following 
mandatory requirements represent the minimum lighting controls to 
be installed in Iny building. Additional controls should be 
provided Nhere deemed appropriate and where the installation of 
such controls can significantly reduce energy consumption. 

505.4.1 Switching require.entl. 

505.4.1.1 All lighting controls, except auto.atic 
controls or those for special purpose applications which require 
trained operators or those which would pose a safety problem or a 
security hazard, shall be installed so as to be readily 
Icce.sible to personnel occupying or using the lighting space. 

505.4.1.2 The laxilul lighting power that may be 
controlled from a single switch or automatic control shall not 
exceed that provided by a 20 ampere circuit loaded to no mare 
than 80 percent. A master control may be installed provided the 
individual switches retain their capability to function 
independently. 

505.4.1.3 All lighted spaces enclosed by walls or ceiling 
height partitions and with floor area less than 250 square feet 
shall be provided an individual, local lighting control or an 
occupant-sensing autoeatic control. 
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~05.4.1.4 All lighted spaces with floor area greater than 
250 square feet shall be provided with local controls to perlit 
reducing the lighting by no lore than one-half or occupant 
sensing autolatic controls. 

~O~.4.1.5 All building areas greater than 250 square feet 
where natural lighting is available shall be provided with 
individual local controls or daylight- or occupant-sensing 
autOMatic controls which perMit control of lights indRpendent of 
general area lighting. Either individual controls shall bR 
provided for Rach row of IUlinaries parallel to a window wall or 
controls shall be provided for each row of lUMinaries parallel to 
a window Will or controls shall be provided to reduce the 
lighting in at least two steps to not lore than onR-half and to 
COMpletely off in the natural lighting area. For office and 
school occupancies, at a linilul, lighting serving a zone within 
12 feet of a window wall or the zone between an interior wall and 
the window wall of less than 12 feet shall COMply with this 
provision. For retail occupancies, at least the row of 
IUlinaries nearest the window shall comply with this provision. 

~O~.4.1.6 All display, exhibition or specialty lighting 
shall be controlled independently of general area lighting. 

50~.4.1.7 All exterior building lighting including facade 
lighting, parking lots, driveways, walkways, shall be furnished 
with automatic controls to reduce or turn off all lights during 
periods of non-use or daylight hours, except those required for 
safety and security. Sign lights shall be exelpt frol this 
provision. 
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TABLE NO. 5-1 
COMPONENT U-VALUE REQUIRE"ENTS FOR 
LON RISE Rl AND R3 OCCUPANCIES AND 

AND OTHER BUILDINGS LESS THAN 5000 SQ FT 

Cliute Zonll 

2 3 

DpaqulI ceiling .032 .032 .021 
Opaque ull .057 .043 .040 
FloDr .Q29 .02'1 .02'1 
Sl ab Dn grade' .455 .455· .455 
Below grade wall' .750 .750 .750 
Doors .190 .190 .1'10 
GlazingZ .390 .390 .390 

Reference glazing area = .15 x Condi ti oned Fl oar Area 
Air I eakage control - Standard (ACH = .35) 

1. F-Values- See Chapter 2 for definition 
• 2. Glazing at 7.5 mph seasonal conditions 

TABLE NO. 5-2 

COMPONENT REQUIRE"ENTS FOR ALL BUILDINGS 
OTHER THAN LON RISE R-l AND R-3 OCCUPANCIES AND 

OTHER BUILDINGS LESS THAN 5000 SQ FT 

Space Conditioning System Type 

No.inal Uo Value-Envelope 

Gross roof/ceiling 
Exterior walls in buildings with 
three stories or less 
More than three.stories 
Floors over unconditioned space 
Below grade walls and heated slab 
on grade floors 
Unheated slab on grade floors 

AIR LEAKAGE CONTROL PACKAGE 

Requiruent 

Any 

Uo .08 

Uo .25 
Uo .30 
Uo .05 

R-IO 
R-8 
STANDARD 

5'1 

NNEC 
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TABLE NO. 5-3 

ALLOIiABLE AIR LEAKAGE RATES' 

IIINDOIiS RESIDENTIAL DOORS· NONRESIDENTIAL DOORS 

AIR (cfm per SWINGING SLIDING SWINGING, SLIDING, 
LEAKAGE lineal ft (cfm per (cfm per REVOLVING 
CONTROL of op.,rable lin ft of sq ft of (cflll per lin 
PACKAGE sash crack) operable door) ft of crack) 

sash crack) 

Standard 0.3 0.2 0.25 11.0 
Advanced 0.2 0.2 0.10 11.0 

1- When tested at a pressure differential of 1.567 Ib/ft 2 , Mhich 
is equivalent to the impact pressure of a 25 mph Mind. 

2- Compliance with the criteria for air leakage shall be 
determined by Standard RS-2 

TABLE NO. 5-4 

I1INII1UI1 tOP AND HPSF FOR HEAT PUI1PS, HEATING 110DE' 

Air 
Air 
Air 

SOURCE AND OUTDOOR 
TEI1PERATURE (f) 

Source-47DB/43WB 
Source-17DB/15WB 
Source 

Water Source-60 enterinQ 

I1INII1UI1 COP 
LOll RISE 
Rl Ie R3 

2.7 
2.0 

3.0 

OTHER 
OCC 

2.7 
1.8 

3.0 

I1IN HSPF 

6.B 

\- When tested at the standard rating specified in Table 5-7. 
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TABLE NO. 5-5 

MINIMUM EER AND COP FOR ELECTRICALLY 
DRIYEN HYAC SYSTEM EQUIPMENT COOLINS',2 

NIIEC 

AIR COOLED EYAP/IiATER COOLED 

STANDARD RATIN6 CAPACITY 

Under 65.000 Btu/hr 
(19,050 Ijatts) 

65,000 Btu/hr and over 

COP EER 

7.B 2.2B 

B.2 2.40 

COP EER 

B.B 2.58 

9.2 2.69 

1- When tested at the standard rating conditions specified in 
Table No. 5-8. 

2- The Department of Energy has established required test 
procedures for single-phase air-cooled residential central air 
conditioners under 19 KW (65,000 Btu/hr) in capacity, which have 
been incorporated into ARI Standard 210-79. 
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TABLE NO. 5-6 

"INI"U" EER AND COP FOR ELECTRICALLY 
DRIVEN HVAC SYSTEM CO"PONENTS',2 

WATER CHILLING PACKAGES 

CONDENSING "EANS 

AIR 

COMPRESSOR EER COP 
TYPE 

Condenser Centrifugal 
Included or rotary 8.00 2.34 

Reciprocating 8.40 2.36 

Condenserless Positive 
water 
chillers 

displacement 9.50 2.78 
Reciproc. 9.90 2.90 

Compressor and 
condenser units 
65,000 Btu/hr 
(19,000 watts) Positive 
and over 2 displacement 9.50 2.78 

WATER 

EER COP 

13.80 4.04 
12.00 3.51 

11.60 3.40 
12.00 3.51 

12.50 3.66 

HYDRONIC HEAT PUMPS 

Water source under 
65,000 Btu/hr 
(19.000 lOatts) 

Water source 
65,000 Btu/hr 
(19,000 watts) 
and over 

Centrifugal 
or rotary 

Centrifugal 
or rotary 

9.00 2.64 

9.40 2.75 

NWEC 

EYAPORATIYE 

EER COP 

12.50 3.66 

1- When tested at the standard rating conditions specified in 
Table No. 5-9. 

2- Ratings in accordance with Standard RS-14 as applicable. 
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TABLE NO. 5-7 

HVAC SYSTE" HEATING EQUIP"ENT (HEAT PU"PSI 
ELECTRICALLY OPERATED STANDARD RATING CONDITIONS 

CONDITIONS 

Air entering equipeent 
Outdoor unit ambient 
Entering water temp. 
Water flow rate 

dF 
dF 
dF 

TYPE 
AIR SOURCE 

700B 70DB 
47DB/43WB 17DB/15WB 

Standard ratings are at sea level. 

TABLE NO. 5-B 

HVAC SYSTE" EQUIP"ENT, 
ELECTRICALLY DRIVEN 

STANDARD RATING CONDITIONS--COOLING 

DB liB INLET 

Air entering equipment dF 81) 67 
Condenser ambient 

(air cooled) dF 95 75 
Condenser water 

(water cooled) dF 85 

Standard ratings are at sea level. 

63 

IIATER SOURCE 

700B 

60 
As used in 
cooling 

OUTLET 
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TABLE NO. 5-9 

APPLIED HVAC SYSTE" CO"PONENTS 
ELECTRICALLY DRIVEN STANDARD RATING CONDITIONS--COOLING 

Leaving chilled water 

CENTRIFUGAL OR 
SELF-CONTAINED 
RECIPROCATING 
IIATER CHILLER 

teillperature, deg F 44 
Entering chilled water 
teillperature, deg F 54 
Leaving condenser 
water te~perature. deg F 95 
Entering water temp., deg F 85 
Fouling factor, waler 

Nonferrous tubes 0.0005* 
Steel tubes 0.0010* 

Fouling factor, refrigerant 0.0000* 
Condenser ambient 

(air/evap cooled), deg F 95DB/75WB 

Water cooled 

CONDENSERLESS 
RECIPROCATING 
IIATER-CHILLER 

44 

54 

0.0005 
0.0010 
0.0000 

(evap cooled) deg F 105 
Compressor 
saturated 
di schuge 
tellP· Air cooled, deg F 120 

Standard ratings are at sea level. 
* h.ftZ deg F/Btu 
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PIPING 
SYSTEM 
TYPES 

HEATING ~ HOT 
WATER SYSTEMS 

Steam ~ hot water 
High pressure/temp 
l1ed pressure/temp 
Low pressure/te.p 
Low temperature 

Stea. condensate 
(for feed water) 

COOLING SYSTEMS 

Chilled water 
Refrigerant/brine 

TABLE NO. 5-10 

MINIMUM PIPE INSULATION 

INSULATION THICKNESS IN 
INCHES FOR PIPE SIZES' 

FLUID RUN I" 
TEMP. OUTS ~ 1.25" 2.5" 
RANGE, F - 2" less -2" - 4" 

30/'-450 1.5 2.5 2.5 3,0 
251-305 1.5 2.0 2.5 2.5 
201-250 1.0 1.5 1.5 2.0 
100-200 .5 1.0 1.0 1.5 

Any 1.0 1.0 1.5 2.0 

40-55 .5 " ." .75 1.0 
Below 40 1.0 1.0 1.5 1.5 

NIIEC 

5" 8"~ 
-/," lar. 

3.5 3.5 
3.0 3.0 
2.0 2.0 
1.5 1.5 

2.0 2.0 

1.0 1.0 
1.5 1.5 

1- For piping exposed to exterior air, increase thickness by .5", 
2- Runouts not exceeding 12 feet in length to individual units. 
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TABLE NO. S-l1 
LIGHTING POWER BUDGET 

OCCUPANCY 
GROUP 

OCCUPANCY 
DESCRIPTION 

A-I Assembly w/stage: occupancy of 1000+ 
A-2 Assembly w/stagel occupancy ( 1000 
A-2.1 Assembly wlo sta~e. occupancy of 300 

or more other than B-2 and E 
A-3 Asse.bly "/0 stage: occupancy of less 

A-4 

A-5 
8-1 

B-2 

B-3 

8-4 

E-l 
E-2 
H-I 

than 300 other than B-2 and E 
Drinking and dining establishment 

Stadiums, reviewing stands and 
amusement park structures not included 
in A or B-1, B-2 and 8-3 

Stage Li ghti ng 
Gasoline and service stations: includes 

the office, waiting room and pump 
islands plus 5' on each side of the 
island 

Storage garages 
Office buildings, wholesale stores, 

municipal police and fire stations 
Retai I stores 

- Less than 1000 ft2 
- 1000-bOOO ft'" 
- bOOO-20,000 ft2 
- over 20,000 ft2 

Drinking and dining establishments: 
occ load of less than 50 

Work shops using material not highly 
flammable or combustible 

storage and warehouses 
Aircraft hangars 
Open parking garages 
Ice plants, power plants. pumping 

plants, cold storage and creameries 
Factories and workshops 
Storage 
Sales rooms 
Shipyard structures 
Schools and day-care centers 
Audio-visual presentation lighting 
Storage 
Handling 

bb 

LIGHTING 
POWER 

BUDGET 

NWEC 

I ... H,/H-l 

1.1 
1.1 

1.1 

1.1 
1. 85 

1.1 
Exempt 

2.0 
0.3 

1.5 

4.5 
3.5 
2.5 
1.5 

1. as 

2.0 
0.7 
0.7 
0.3 

1.0 
2.0 
0.7 
2.0 
0.7 
2.0 
Exempt 
0.7 
2.0 
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TABLE NO. 5-11 (continued) 
LIGHTING POWER BUDGET 

OCCUPANCY 
GROUP 

OCCUPANCY 
DESCR I PTI ON 

H-2 

H-3 

H-4 

H-5 
I -I 
1-2 
1-3 
1-4 

R-I 

R-3 

Storage 
Handling. dry cleaning plants, paint 

stores 
Paint shops and spray painting roo~s 
Warehouses 
Other 
Auto repair and body shops 
Paint spray booths 
Aircraft repair hangars 
Institutions 
Administrative support services 
Nursing areas 
Diagnostic, treatment, food service 

task lighting 
Dwelling unit portions 
Other than dwelling unit portions 

Dwelling unit portions 
Other than dwelling unit portions 

67 

LIGHTINS 
PDWER 

NWEC 

BUDGET 
(lIaUs/ftz) 

0.7 

2.0 
2.5 
0.7 
2.0 
2.0 
5.0 
2.0 
2.0 
2.0 
2.0 

Exempt 
Exeapt 
Refer to 

app.DCC. 

Exe.pt 
Refer to 
app.occ. 
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CHAPTER 6 

BUILDIN8 DESISN BY 
PRESCRIPTIVE REQUIREftENTS APPROACH 

IThis chapter is revised in its entirety.) 

SECTION 601 

SCOPE 

601.1 Seneral 

KNEC 

The provisions of this Chapter are applicable only to 10. rise 
R-l and R-3 Occupancy buildings, and other buildings less than 
5000 sq. ft., that use electric energy for heating andlor 
cooling. The building shall comply .ith all the requirements of 
Chapter 5 except for the modifications herein specified. 

SECTION 602 

BUILDINS ENVELOPE REQUIREftENTS 

The building envelope require.ents of this Chapter may be met 
by installing one of the prescriptive packages in Tables No.6-I, 
6-2, 6-3 for 10.-rise R-3 Occupancy or 6-4 for lo.-rise R-I and 
other buildings less than 5000 sq.ft. Installed components shall 
meet the foll0.ing requirements: 

602.2 Roof/ceiling. 

Ceilings belo. vented attics and vaulted ceilings shall be 
insulated to not less than the nominal R-value specified for 
ceilings in Tables No.6-I, 6-2, 6-3, or 6-4, as applicable. 
Advanced framing shall require that the nominal R-value be 
maintained to the outside of the exterior building envelope. 

602.3 Exterior .alls IAbove gradel. 

Above grade exterior .alls shall be insulated to not less than 
the nominal R-value specified in Tables No.6-I, 6-2, 6-3, or b-
4, as applicable. The R-value shall be the total value for 
insulation in stud cavities and lor insulated sheathing. Advanced 
framing shall consist of a minimum of 2x studs at 24" o.c. and 
t.o stud corners. Headers shall be insulated .ith rigid 
insulation of a minimum nominal R-value of R.4/inch. 
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602.4 Ext.rior .All. (8wlo. grAdw). 

Below grade exterior "ails .urrounding conditioned space shall 
be insulated tD nDt less than the nDlinal R-value specified for 
below grade walls in Tables No.6-I, 6-2, 6-3, Dr 6-4 a. 
applicable. 

602.5 SlAb-on-6rAd. Floor •• 

Slab-on-Grade floors shall be insulated along their perileter 
to not less than the nominal R-value specified for slab-on-
grade floors in Tables ND. 6-1, 6-2, 6-3, or 6-4 as applicable. 

602.6 Floors Ov.r Uneondition.d Spaew. 

Floors over unconditioned enclDsed spaces, such as vented 
crawl spaces, unconditiDned baselents, and parking garages that 
are not mechanically ventilated shall be insulated to not less 
than the nOlinal R-value shDwn fDr floors over unconditioned 
spacel, enclosed area in Tables No.6-I, 6-2, 6-3, Dr 6-4 as 
applicable. 

Floors over unconditioned spaces exposed to exterior ambient 
conditions such as building overhangs, open parking areas and 
enclosed parking areas which are lechanically ventilated shall be 
insulated to not less than the nOlinal R-value shown for 
unconditioned spaces, exposed area Table No. 6-4. 

602.7 Ext.rior Door •• 

602.7.1 All exterior doors shall comply with the infiltration 
specifications set forth in Table No. 5-3. 

602.7.2 Exterior doors without glazing shall have the laxilum 
U-value shown in Tables No.6-I, 6-2, 6-3 and 6-4. 

EXCEPTIONSI 1. Insulated letal doors which are 1-3/4 
inches thick shall be deemed to have a nOlinal U-value of .19; 
provided that they are therlally broken, have their cores 
filled with urethane, polystyrene, polyisocyanurate foal or 
approved equal. 

2. Wood doors which are 1-3/4 inches thick shall be dee led 
to have a nominal U-value of .4; provided that they have solid 
cores and do not have panels less than I-lIB inchel thick. 

602.8 61Azing. 

602.8.1 The total glazed area shall nDt exceed the percentage 
of groll floDr area specified in Tables ND. 6-1, 6-2, 6-3 or 6-4 
as applicable. 
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602.8.2 
than that 
applicable. 

All glazing shall have a tested 
specified in Table No.6-I, 

U-value not greater 
6-2, 6-3 or 6-4 as 

EICEPTIDNS: I. Glazed areas up to a laxilul of 4 Iquare 
feet .ay be exelpted from the thermal translittance (UI value 
requirement. 

2. Skylights and glazing in exterior doors which exceed 
the U-value specified for glazing in Tables No.6-I through 
6-4 as applicable .ay be installed provided their area il 
doubled when calculating compliance with the maximum glazing 
area requirelents. 

3. Perlanently installed insulated shutters or shades with 
a maximum U-value of 0.2 (R-value of fivel may be uled to 
achieve U values of 0.40 or lONer when installed in 
combination with glazing having a laximul U value of 0.50. 

602.8.3 Effective solar glazing shall not be leiS than the 
percentage of gross floor arel specified in Tables No.6-I, 6-2 
or 6-3 as applicable and shall comply with all requirements of 
this lection. 

602.8.3.1 The glazing area shall be oriented within 45 
degrees of true south with no lore than 60 percent of the area 
facing between 31 and 45 degrees of true south. 

602.8.3.2 The glazing shall be .ounted at least 60 degrees 
up from the horizontal. 

602.8.3.3 The glazing shall give a translission 
coefficient greater than or equal to 0.80 for visible light or 
greater than equal to 0.73 for total solar radiation for a single 
pane. 

602.8.3.4 Documentation in the forI of a sun chart, 
photograph or 
glazing area 
be shaded for 
and 2:00 p.m. 

other approved evidence demonstrating that the 
oriented within 30 degrees of true south shall not 
at least 3 hours between the hour. of 10:00 a.l. 
standard time on January 21 and March 21. 

602.8.3.5 An easelent or other means of guaranteeing solar 
access is filed with the building depart.ent. 

602.8.4. Therl.1 "a ••. Therlal mass 
in Table No.6-I, 6-2 and 6-3 shall 
minilum requirelents. 

required for option III 
co.ply with the following 

602.8.4.1. Ther.al lass shall be distributed in the 
floors, walls andlor ceiling and shall be directly exposed to the 
conditioned space. 
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EXCEPTIONS. I. Theraa! mass covered by 
Mith a coabined R-va!ue no greater than 1.0 

2. Storage .ediums not Mithin the space 
qualifying glazing shall be provided Mith an 
or mechanical aeans of transferring the 
storage aediua. 

NNEC 

finish materials 

containing the 
approved natural 
heat to the heat 

602.8.4.2. The heat storage capacity shall be a ainieu. of 
10 Btu! f-hr per sq. ft. of conditioned floor area. 

602.8.4.3. The heat storage capacity shall be calculated 
using EQ b.1 or standard engineering practice. 

HS = D x SH x V •••••••••••.••••••••••• Equation b.1 

NHEREI 

HS Heat Storage. The heat storage capacity available 
inside the insulated space. 

V Voluee of heat storage coeponents. 
D DenSity of .aterial inside the insulated shell of the 

building to a depth yielding a thereal resistance of 
R=I, except in the case of slab floors Mhere only the 
slab itself is credited. "ass located in conditioned or 
unconditioned base.ents Mithout solar glazing shall not 
be counted. (lbs!cu.ft.) 

SECTION 603 

AIR LEAKAGE 

The ainiau. air leakage control measures shall be those specified 
for the prescriptive package shoMn in Tables No. b-I, 6-2, 6-3, 
or 6-4 as applicable. 

SECTION 604 

BUILDING "ECHAMICAL SYSTE"S 

604.1 Heat Puap. Air-to-air, 
heat pueps installed to comply 
forth in Tables No.6-I, 6-2, 
analysis consistent with Section 

ground-to-air, or water-to-air 
with a prescriptive package set 

and 6-3 as determined by an 
5.2 of RS-22. 

EXCEPTIONI Air-to-air heat pumps which are listed in the 
Air Conditioning and Refrigeration Institute's (ARI) 
Directory of Certified Unitary Air-Conditioners, Unitary 
Air Source Heat Puaps and Sound Rated Outdoor Equipaent as 
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having HSPF of 6.B Btu/watt or greater and a Low 
not less 

with the 
Temperature Coefficient of Performance (COP) of 
than 2.0 shall be considered to comply 
requirements of Tables 6-1. 6-2, and 6-3. 
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TABLE NO. 11-1 
LOll RISE R-3 OCCUPANCIES 

COKPONENT PRESCRIPTIVE OPTIONS FOR lONE 1 

NIIEC 

OPTIONS 

II 

Cei ling' Flat R38 R38 
Vaulted R38 R38 

Wall t RI9A R24A 
Bela" grade "811s Interior R19 RI9 

Exterior RIO RIO 
Floor over uncondi ti oned space R30 RI9 
Slab on grade perimeter RIO RIO 

DOORS: Maximull U-value . 19 . 19 

GLAZING: 
Maxillum tested U-value .40 .40 
Max i IIUII glazing area (% of fl oar) 15X 157. 
Minillull effective solar glazing area 
Kinillum thermal mass 2 

HEAT PUKP MINIMUM HSPF 

AIR LEAKAGE CONTROL~ std Std 

"-" indicates no requirement 
1- A indicates advanced framing. 
2- Kinimum thermal !lass in Btu/ o F-ft 2 • 

3- Std. indicates Standard Air Leakage Control. 
502.4 

III IV 

R38 R38 
R38 R3B 
RI9 RI9 
RI9 RI9 
RIO RIO 
R19 RI9 
RIO RIO 

.19 .22 

.50 .60 
IBX lSI 
lOY. 
10 

6.B 

Std Std 

See Secti on 

NOTE: Each of the prescriptive options is intended to describe a 
building "ith a specific feature as noted beloH: 

Opti on I 
Option II 
Option III 
Option IV 

Base Case 
Well Insulated Walls 
Passi ve Sol ar 
Heat Pump 
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TABLE NO. 6-2 
LOI RISE R-3 OCCUPANCY 

COP1PONENT PRESCRIPTIVE OPTIONS FOR lONE 2 

OPTIONS 

INSULATION "INIP1U" "OftINAL R-VALUE 11 III IV 

ClPiling' Flat R38 R49A R38 R38 
Yaul hd R38 R38 R38 R38 

Nail' R24A RI9A RI9 RI9 
BlPlo" gradlP "ails IntlPrior RI9 RI9 RI9 RI9 

Exhrior R12 RI2 RI2 R12 
Floor over uncondi ti oned space R30 R30 R30 R30 
Slab floor perillleter RIO RIO RIO RIO 

DOORS: P1axillu. U-value .19 .19 .19 .22 

GLAZING: 
P1axi.u. teshd U-value .40 .40 .40 .50 
P1axillu. glazing area 0: of floor) 15X 15X 18X 15X 
P1ini.u. effective solar 

ghzing uea lOX 
"ini.ulI therul mass 2 10 

HEAT PU"P "INJP1UP1 HSPF: b.8 

AIR LEAKAGE CONTROl3 Std Std Std Std 

"-" indicates no requirlPllent 
1- A indicates advanced fra.ing. 
2- "inillum therllal lIIass in Btu/oF-ft2. 
3- Std. indicates Standard Air Leakage Control. See Section 
502.4. 
NOTE: Each of the prescriptive options is intended to describe a 
building "ith a specific feature as noted belo": 

Option J 
Option II 
Opti on J II 
Option IY 

Base Case 
Nell Insulated Walls 
Passive Solar 
Heat PUIlP 
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TABLE NO. 6-3 
LOll RISE R-3 OCCUPANCY 

COMPONENT PRESCRIPTIVE OPTIONS FOR ZONE 3 

OPTIONS 

II 

Ceiling' Flat R49A R38 
Vaulted R38 R38 

ilall' R26A R30A 
Belo" gride "aIls Interior R19 R19 

Exterior R15 R15 
Floor over unconditioned space R30 R30 
Slab floor per i meter RIO RIO 

DOORS: Maxillluftl U-value . 19 . 19 

GLAZING: 
Maxi.u. tested U-value .40 .40 
Maximum glazing area 0: of floor) 157. 157. 
Minilllum effective solar 

glazing area 
Minilllum thermal mass z 

HEAT PUMP MINIMUM HSPF: 

AIR LEAKAGE CONTROL~ Std Std 

"-" indicates no requirement 
1- A indicates advanced framing. 
2- Minimum thermal mass in Btu/oF-ft2. 
3- Std. indicates Standard Air leakage Control. 
502.4. 

III IY 

R3B R38 
R3B R38 
R24 R19 
R19 R19 
R15 RI5 
R30 R30 
RIO RIO 

• 19 .22 

.40 .40 
181. 151. 

101. 
10 

6.B 

Std Std 

See Sec ti on 

NOTE: Each of the prescriptive options is intended to describe a 
building with a specific feature as noted below: 

Opti on I 
Option II 
Option III 
Option IV 

Base Case 
Well Insulated Walls 
Passive Solar 
Heat Pump 
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TABLE NO. b-4 
LOll-RISE R-I OCCUPANCIES AND 

OTHER OCCUPANCIES LESS THAN 5000 SQ FT 
COMPONENT PRESCRIPTIVE STANDARDS 

CLIMTE ZONE 

2 

OPT OPT OPT OPT 
A B A B 

Ceilingl Flat R38 R38 R38 R38 
Vaulted R38 R38 R38 R38 

Wall' RI9A RI9 R24A R24 
BeioH grade wall Interior RI9 RI9 RI9 RI9 

Exterior RIO RIO RI2 RI2 
Floor over uncond. space 

Enclosed R30 R30 R30 R30 
Exposed R38 R38 R38 R38 

Slab floor perimeter RIO RIO RIO RIO 

DOORS: Maximum U--val ue .19 . 19 • 19 • 19 

GLAZING: 
Maxillum tested U-value .40 .50 .40 .50 
Maximum glazing area 

(I. of floor) 151. III. lSI. 111. 

AIR LEAKIIGP Std Std Std Std 

NIIEC 

3 

OPT OPT 
A B 

R49A R49A 
R38 R3B 
R26A R26 
RI9 RI9 
RI2 RI2 

R30 R30 
R38 R38 
RIO RIO 

• 19 .19 

.40 .50 

lSI. III. 

Std Std 

------------------_._--_._----------------------------------------
II_II indicates no requirement 
I- II indicates advanced framing. 
2- Std. indicates Standard Air Leakage Control. See Sec ti on 
502.4. 
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CHAPTER 7 

BUILDING DESIGN BY CO"PONENT POINT SYSTE" 
(This is an entirely new chapter) 

SECTION 701 

SCOPE 

701.1 General 

NMEC 

The provIsions of this Chapter are applicable only to low rise 
R-3 Occupancies that use electric energy for heating and/or 
cooling. Buildings shall comply with all the requirements of 
Chapter 5 except for the modifications herein specified. 

SECTION 702 

CALCULATION PROCEDURE 

702.1 Co.pIiance 

The component point 
prescribed conservation 
Chapter 5. 

system 
levels 

allows modification of the 
specified in Table No.5-I of 

For each building component, the corresponding point value of 
that component shall be taken from Table No.7-I through 7-6 as 
applicable. Negative points correspond to increased energy 
requirements, and positive points to reduce requirements. For 
components which comply with the base case conservation level, 
the point value will be zero. Calculations shall comply with the 
procedures listed herein. 

EXCEPTION: No trade-off shall be permitted for below grade 
walls or slab on orade. The minimum R-values shall be as 
specified in Table No.6-I, 6-2 or 6-3 as applicable, for the 
base case condition. 

Buildings shall be deemed to comply with requirements of this 
Chapter if the total point value for all components is greater 
than or equal to zero. 

702.2 Calculation Procedure 

702.2.1 Co.ponents with "ultiple Conservation Levels. Points 
for cases of multiple conditions for a given component shall be 
calculated as an area weighted average. 
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WHERE: 

P : weighted average component points 

points for component condition 1. 2 •.•.• 

area of co~ponent for condition 1, 2, ..•. 

A : total component area. 

702.2.2 Interpolation 
construction types which fall 
included in Table No. 7-1 
interpolated. 

of Point Values. Component 
between the conservation levels 

through 7-6 may be linearly 
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Nomi nal 
R-Value 

19 
30 
38 
49 
1>0 

Nominal 
R-Value 

19 
25 
30 
38 
45 
49 

TABLE NO.7-I 
CEILING POINTS 

Flat Ceilings 
Zone Zone 2 
Std Adv Std Adv 

-53 -43 -72 -59 
-14 -2 -19 -2 

0 14 0 19 
II 26 15 36 
17 35 24 48 

----------------
Vaulted Ceilings 

Zone I Zone 2 

-71 -96 
-38 -52 
-19 -27 
0 0 
II 15 
21 29 

79 

Zone 3 
Std Adv 

-128 -113 
-65 -46 
-43 -21 
-25 0 
-IS 14 

Zone 3 

-114 
-61 
-32 
0 
17 
35 

NIIEC 
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TABLE NO. 7-2 
ABOVE GRADE IIALLS POINTS 

(11/110 INSULATION SHEATHING) 
-----------------------------------------------------------------

Single Stud lIallll 
lone 1 lone 2 lone 3 

No.inal Sheathing Fruing Fruing Fruing 
R-Value R-Value Std Adv Std Adv Std Adv 
-----------------------------------------------------------------
11 4 -20 -15 -67 -60 -90 -82 

5 -11 -7 -54 -49 -75 -68 
6 -3 1 -43 -38 -62 -56 
7 4 8 -33 -29 -50 -45 
8 11 13 -25 -21 -40 -35 
9 16 19 -17 -14 -31 -27 
10 21 24 -10 -7 -22 -19 
11 26 28 -4 -1 -15 -12 
12 30 32 2 5 -8 -5 

13 4 -9 -4 -52 -45 -72 -63 
5 -1 4 -41 -34 -59 -51 
6 6 10 -31 -25 -48 -41 
7 12 16 -23 -18 -37 -31 
8 18 21 -IS -10 -28 -23 
9 23 26 -8 -4 -20 -15 
10 27 30 -2 2 -13 -8 
11 31 34 4 7 -6 -2 
12 35 37 9 12 0 4 

19 0 -16 0 -62 -40 -83 -57 
1 -6 7 -48 -30 -67 -41> 
2 2 13 -37 -21 -54 -36 
3 9 19 -27 -13 -42 -27 
4 16 24 -18 -6 -32 -18 
5 21 29 -11 0 -23 -11 
6 26 32 -4 5 -15 -4 
7 30 35 2 9 -8 0 
8 34 40 8 15 -1 7 
9 38 43 13 ,0 4 12 
10 41 45 17 24 10 17 
11 44 48 22 27 15 21 
12 47 51 26 31 19 25 

22 0 -5 11 -47 -24 -66 -39 
1 4 18 -35 -15 -51 -29 
2 11 23 -24 -8 -39 -20 
3 18 28 -15 -1 -29 -12 
4 23 32 -8 5 -20 -5 
5 28 36 -1 10 -12 I 
6 32 39 5 15 -5 7 
7 36 43 11 19 2 12 
8 40 4S 16 24 8 17 
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Nonli nal 
R-Value 

22 

Sheathing 
R-Value 

9 
10 
II 
12 

TABLE NO. 7-2 (continued) 
WALLS (ABOVE GRADE) POINTS 

Single Stud Walls 

Zone I 
FralAing 
Std Adv 

43 48 
46 51 
49 53 
51 55 

Zone 2 
Framing 

Std Adv 

20 27 
24 31 
28 34 
32 37 

NIlEe 

Zone 3 
Fralling 

Std Adv 

13 22 
18 26 
22 29 
27 33 

================================================================= 

Nominal 
R-Value 

30 
33 
38 
41 

No.inal 
R-Value 

27 
30 

Nominal 
R-Value 

II 
19 
25 
30 
38 

FLOORS 

Zone 

46 
56 
63 
67 

Zone 

31 
37 

OVER 

Double Stud Walls 

Zone 2 

24 
39 
48 
54 

strap Walls 

Zone 2 

3 
12 

---------------

TABLE NO. 7-3 
UNCOND IT IONED SPACES 

Zone I Zone 2 

-60 --82 
-24 -33 
-9 -12 
0 0 
11 IS 

81 

Zone 3 

18 
35 
46 
53 

Zone 3 

-7 
4 

POINTS 

Zone 3 

-96 
-39 
-14 

(I 
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iABLE NO. 7-4 
DOOR POINTS 

-----------------------------------------------------------------
Zone 1 Zone 2 Zone 3 

lIith lIith lIith 
Description Storm Storm Star. 
-----------------------------------------------------------------
Metal, solid urethane 

core flush .. ITB 0 0 2 0 
Metal, I-liS" panel 

urethane core is -2 -3 -4 
Metal, ureth core flush 

iB lI{double glass -5 -1 -7 -2 -8 -2 
Metal, 1-118" pnl ureth 

iB lI{dbl glass -7 -2 -9 -3 -II -4 
Wood, solid core fl ush -10 -4 -14 -6 -17 -7 
Metal, ureth core fl ush 

iB IIlsingle glass -12 -5 -16 -7 -19 -8 
Wood, solid care flush 

IIldbl glass -13 -6 -IS -8 -21 -10 
Metal, I-liS" pnl ureth 

TB .. /sngl glass -13 -6 -18 -8 -21 -10 
Wood, I-liS" panel -IS -7 -20 -9 -24 -II 
Wood, 1-1/8" panel III 

dbl glass -18 -9 -25 -12 -29 -14 
Wood, solid care fl ush 

IIlsngl glass -20 -10 -27 -13 -32 -15 
Wood, hall all core f\ ush -20 -10 -27 -13 -32 -15 
Wood, 7/16" panel wi 

dbl glass -23 -II -31 -15 -36 -18 
Wood, 7/16" panel -26 -13 -35 -17 -41 -20 
Wood, holloll core flush 

IIlsngl glass -27 -13 -37 -17 -43 -20 
Wood, I-liS" panel wi 

sngl glass -31 -14 -42 -19 -49 -22 
Wood, 7/16" panel ,,/ 

sngl glass -35 -16 -47 -22 -56 -26 
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TABLE NO. 1-5 
BLAZING POINTS 

-----------------------------------------------------------------
Glazing Percentage (7. of FJoDr Areal 

Zone Zone 2 Zone 3 
U 

Value 91. 127. 151. IBY. 9Y. 121. 151. IBY. 9Y. 12Y. 157. lB7. 
-----------------------------------------------------------------
.20 63 71 78 83 87 99 107 113 115 122 127 131 
.22 58 65 71 74 BO 90 97 101 107 112 115 116 
.24 53 59 63 65 74 B 1 BiI 88 99 101 102 101 
.26 4B 52 55 56 67 72 75 76 91 91 89 B6 
.28 43 46 47 47 60 64 65 63 83 BO 76 71 
.30 38 40 40 38 53 55 54 51 75 70 64 56 
.32 34 33 32 29 47 46 43 38 67 60 51 41 
.34 29 27 24 20 40 37 32 25 59 49 38 25 
.36 24 20 \ 6 10 33 29 22 12 51 39 25 10 
.3B 19 14 8 I 27 20 11 0 43 29 13 -5 
.40 14 8 0 -9 20 11 0 -13 36 lB 0 -20 
.42 9 I -8 -18 13 2 -11 -26 28 8 -13 -35 
.44 4 -5 -16 -28 7 -7 -22 -39 20 -2 -25 -50 
.46 -I -12 -24 -37 I) -15 -33 -52 12 -12 -38 -65 
.4B -6 -18 -32 -47 -7 -24 -43 -65 4 -23 -51 -81 
.50 -11 -25 -40 -56 -13 -33 -54 -78 -3 -33 -64 -96 
.52 -15 -31 -48 -66 -20 -42 -65 -91 -11 -43 -76 -111 
.54 -20 -38 -56 -75 -26 -50 -76 -104 -19 -53 -89 -126 
.56 -25 -44 -64 -85 -3.3 -59 -87 -117 -27 -64 -102 -141 
.58 -30 -50 -72 -94 -40 -68 -98 -130 -34 -74 -115 -156 
.60 -35 -57 -BO -104 -46 -76 -108 -143 -42 -84 -127 -171 
.62 -40 -63 -88 -114 -53 -B5 -119 -156 -50 -94 -140 -186 
.64 -45 -70 -96 -123 -59 -94 -IV) -169 -57-104 -153 -201 
.66 -50 -76 -104 -133 -66-103 -141 -182 -65-115 -165 -216 
.68 -54 -83 -112 -143 -73-111 -152 -195 -73-125 -178 -231 
.70 -59 -89 -120 -152 -79-120 -162 -208 -80-135 -191 -247 
.72 -64 -96 -128 -162 -86-129 -173 -221 -88-145 -203 -262 
.74 -69-102 -136 -171 -92-137 -184 -234 -96-155 -216 -277 
.76 -74-108 -144 -181 -99-146 -195 -247 -103-165 -229 -292 

... .78 -78-115 -152 -191 -105-154 -205 -260 -II \-176 -242 -307 
.BO -B3-121 -160 -200 -112-163 -216 -273 -119-IB6 -254 -321 

'" 
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TABLE NO. 7-6 

AIR LEAKAGE CONTROL W/HEAT RECOVERY VENTILATION POINTS 

Air Leakage Control I 

standard 
Advanced 

* See Section 502.4. 

lone 1 

o 
59 

lone 2 

o 
7b 

84 

lone 3 

o 
87 
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CHAPTER B 

STANDARDS 

B01.l 

The standards and portions thereof, which are referred to in 
various parts of this code shall be part of the Hodel Energy Code 
and are hereby declared to be a part of this code. 

CODE 
STANDARD 

NO. 

RS-l 
RS-2 

RS-2B 

RS-2C 

RS-3 

RS-4 

TITLE AND SOURCE 

1985 ASHRAE Handbook of Fundamentals 
Standard Hethod of Test for Rate of Air 
Through Exterior Windowl, Curtain Walls 
Specification E283-73 of ASTH. 

Leakage 
and Doors, 

Specifications for Aluainua Windows, ANSI A134.1, 
1972 
Specifications for Aluminu. Sliding Glals Doorl, 
ANSI AI34.2, 1972. 

Industry Standard for Wood Window Units, ~WHA IS-
2,lndustry Standard for Wood Sliding Patio Doors, 
NWI1A IS-3. 

AAHA 1503.1, 1980 Voluntary Test Method for 
Therlal transaittance of windows, 
doors and glazed wall sections. 

ASTH C236 test for thermal conductance and 
trans.ittance of built-up sections by means of a 
guarded hot box; and AST" C976 therlal perforlance 
of building assemblies by leans of the calibrated 
hot box. 

ASHRAE Standard 62-81 Ventilation for acceptable 
indoor air quality. 

ASHRAE Standard 55-74 Thermal Environmental 
Conditions for HUlan Occupancy. 

RS-5 DOE Test Procedures for Water Heaters, 10 CFR Part 
430 Appendix E to Subpart B. 

R-6 Household Automatic Electric Storage-Type Water 
Heaters, ANSI C72.1-1972. 
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R-7 

RS-B 

NNEe 

6as Water Heaters, Volume III, Circulating Tank, 
Instantaneous and Large Automatic Storage-Type 
Water Heaters, ANSI 121.10.3, 1974. 

IES Lighting Handbook, 6th Edition, 
Illuminating Engineering Society. 

19B1 

RS-9 ASHRAE Standard 90A-19BO, Energy Conservation in 
New Building Design. 

RS-I0 

RS-ll 

RS-12 

RS-13 

RS-14 

RS-15 

RS-16 

RS-17 

RS-IB 

RS-19 

RS-20 

RS-21 

RS-22 

Standard for Packaged Terminal Air Conditioners, 
ARI Standard 310-70. 

1984 ASHRAE Systems Handbook. 

Energy Calculations I: Procedures for Determining 
Heating and Cooling Loads for Computerizing Energy 
Calculations--Algorithms for Building Heat 
Transfe~ Subsystems, ASHRAE 1975. 

Energy Calculations II: Procedures for Simulating 
th~ Performance of Components and Systems for 
Energy Calculations, 3rd Edition, ASH RAE' 1975. 

Standard for ,Positive Displacement Refrigerant 
Compressor and Condensing Units, ARI Standard 520-
74. 

1983 ASHRAE Equipment Handbook. 

Heating and Air Conditioning Systems--Installation 
Standards, SMACNA, February, 1977. 

SMACNA Low Pressure Duct Construction Standards, 
-5th Edition, Washington, D.C., 1976. 

SMACNA High Pressure Duct Construction Standards, 
3rd Edition, Washington, D.C., 1975. 

SMACNA Fibrous Glass Duct Construction Standards, 
5th Edition, Washington, D.C., 1979. 

1982 ASHRAE Handbook 
Applications Volume. 

and Product Directory, 

Standard for Package Terminal Heal Pumps, ARI 
Standard 380-78. 

ASTM E779-781 Standard practice for measuring air 
leakage by the fan pressurization method. 
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RS-23 

RS-24 

NilE!: 

'ASTM E741 Standard practice for measuring air 
leakage by the lrater dilution method. 

Standard 24 CFR Part 3280 HUD. 

ACCREDITED AUTHORITATIVE AGENCIES 

AAMA refers to the American Architectural Manufacturers 
Association, 35 Ea~t Wacker Drive, Chicago, IL 60601 

ANSI refers to the A.erican National Standards Institute, Inc., 
1430 Broadway, New York, NY 10018 

ARI refers to the Air conditioning and Refrigeration Institute, 
IBIS North Fort "yer Drive, Arlington, VA 22209 

ASHRAE refers to the A.erican Society of Heating, Refrigerating, 
and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., 
Atlanta, SA 30329 

AST" refers to the American Society for Testing and "aterials, 
1916 Race Street, Philadelphia, PA 19103 

IES refers to Illu.inating Engineering Society, 345 East 47th 
Street, New York, NY 10017 

NESCA refers to the National Environ.ental Syste. Contractors 
Association, 1501 lIilson Blvd., Arlington, VA 22209 

NWHA refers to the National Woodwork "anufacturers Assoiiation, 
Inc., 400 Hadison Ave., Chicago, IL b0606 

SHACNA refers to the Sheet "etal and Air Conditioning contractors 
National Association, Inc., 8224 Old Courthouse Rd., Tysons 
corner, Vienna, VA 221BO 
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NORTHWEST ENERGY CODE STANDARD NO. 25 

Ventilation Syste. Installation Standards 

SCOPE 

These specifications established the minimul 
ventilation system requirements for design and 
installation. R-3 occupancies complying with the 
provisions of standard air leakage control (Section 
502.4.3 NWECl shall cOlply with the provisions of 
Section 3.0 as a minimum or may also comply with the 
provisions of Section 4.0 or Section 5.0. Buildings 
complying with the provisions of advanced air leakage 
control (Section 502.4.4) shall comply with the 
provisions of Section 4.0 or Section 5.0. 

DEFINITIONS 

AAHXI Abbreviation for an air-to-air heat 
exchanger. 

AAHX Syate.: All components associated with 
the AAHX installation. 

Air, Exhaust: 
lechanical 

The air stream flowing from the 
ventilation devica to the 

atmosphere, conSisting of stale indoor air; air 
removed from a space and not reused therein. 

Air, Flow distributionl The distribution of 
air within the conditioned space. 

Air, Indoorl Air containe~ inside conditioned 
space. 

Air, Intake: The air stream passing from the 
exterior of the house to the mechanical 
ventilation device, consisting of outdoor air. 

Air hkeup: 
exhaust air. 

Outside air supplied to replace 

Air, Outdoor: Air taken frol the external 
atmosphere and, therefore, not previously 
circulated through the system. 

Air, Return: The air stream passing from the 
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mechanical ventilation device to conditioned 
space, consisting of outdoor air. 

Air, Supply: The air stream passing from the 
mechanical ventilation device to conditioned 
space, consisting of outdoor air. 

Air, Te.pered: Air taken from the ~xternal 
atmosphere that has been warmed. 

Balanced System (whole-housel: Balanced means 
a venlilation system in which the flow rate of 
the exhaust air leaving the building is equal 
to the supply airflow rate entering the 
building, as measured at the AAHX within +20 
percent using balancing equipment and 
procedures specified by a certified AAHX system 
designer or manufacturer's testing equipment. 

Calibrated Flow "ea5ure.ent Device5: Devices 
which provide for measurement of mass flow 
performed in accordance with the Air Hovement 
and Control Association's Standard 210. 

Central Systu: 
to exhaust air, 
the house, and 
movement system. 

System designed to deliver and 
in a distribution throughout, 

connected to a central air 

Cold Side: The air streams aoing to and from 
the outdoors, to and from the mechanical 
ventilation device. 

Co.bined Living Areas: Rooms with one half of 
the area of the common walls open and 
unobstructed and provides an opening of not 
less than one tenth of the floor area of the 
interior room or 25 square feet, whichever is 
greater. 

Da.per: A device used to 
air passing through an air 
duct. 

vary the volume of 
outlet, inlet, or 

Diffuser: A terminal deVice designed to supply 
air to the conditioned space. 

Exchanger, Air-to-Air Heat (AAHXI: A device in 
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which heat is transferred betweeo two air 
streams. 

Exhaust Air Heat Pu.p (EAHP)I A heat pump 
system that is designed and used to ventilate 
the interior envelope of a building and provide 
a reinlroduction of enerqy in the form of 
potable hot waler or potable hot water and 
space heating. 

FloM Balanced Syste.: A ventilation system 
designed to avoid an. excessive indoor/outdoor 
pressure differential by incorporating both 
supply and exhaust fans which can be adjusted 
for flow balancing. 

FloM Ratel The rate of air flow expressed in 
cubic feet per minute. 

FloM Syste. Unbalanced: A ventilation system 
in which the flow rates of the exhaust air 
leaving the building are not equal to the 
supply air entering the building. This type of 
system produces a negative building pressure in 
which the interior air pressure is less then 
the exterior air pressure. 

Free Areal Unobstructed area for airflow 
through a grill, register, or hood. 

Grille: An air terminal device used to supply 
or remove air from a conditioned space. 

Hard Mire: Wired directly from 
junction box without the use 
receptach. 

the electrical 
of a plug or 

Habitable Roo.1 A space Dr room designed for 
hUlan occupancy~ such as a b~droom, living 
room, dining room, kitchen, family room, 
recreation rOOI, or den. 

Hoods: Exterior wall terminals for the air 
intake and the exhaust air flows. 

NNEC: The Northwest Energy Code promulgated by 
BPA. 

Pressure Balanced Syste.: A ventilation system 
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designed to avoid excessive indoor negative 
pressure bv incorporating one or more passive 
air inlets in conjunction with exhaust fans. 

Pressure Drop: Static pressure loss in fluid 
pressure (as from one end of a duct to the 
other. due to friction, dynamic losses, and 
changes in velocity pressure). 

Readily Accessible~ Available to tHe average 
person in order to maintain, and be accessible 
without the use of tools or ladders. 

Registers: An air terminal device with a 
built-in duper. 

Sones The sone is equal in loudness to a pure 
tone of 1,000 cycles per second at 40 decibels 
above the listener's threshold of hearing. 

Supply~ See air, supply. 

~entilation: The process of supplying and 
removing air by natural or mechanical means to 
and from any space. Such air mayor lay not be 
conditioned. 

Ventilation, Continuous: A continuous supply 
of outside air at the specified mlnlmum rate 
achieved at least 23 hours per day. 

Ventilation, Net: The total supply airflow 
adjusted by the amount of cross leakage to 
determine the net fresh air supply. 

Ventilation Rate (VRI: The total volume of air 
introduced into a conditioned space per unit 
time. (Specifically: cubic feet per minute 
(CFM). 

Mar. Side: The air streams going to 
the conditioned sPJce, to and 
mechanical ventilation device. 

and fr om 
from the 

3.0 NON-KEAT RECOVERY "ECHANICAL VENTILATION SYSTEMS 

3. I Scope. This section applies to the design and 
installation of non-heat recovery ventilation systems 
for individual dwelling units that are capable of 
providing a minimum rate of ventilation air to the 
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whole-house and an increased ventilation rate, on an 
intermittent basis~ for exhausting indoor 
contaminants in kitchens and bathrooms (spot 
ventilation), when required. Buildings using 
advanced air leakage control may not use non-heat 
recovery ventilation. 

3.2 There are four design methods for achieving whole
house and spot ventilation capacity: 

3.3 

a. Integrated Spot and Whole House Designl This 
system uses one or more of local ventilation fans to 
provide whole house ventilation. Fresh air inlets in 
bedrooms and undercut doors shall provide the air 
circulation of fresh air through the house to the 
localized fan. 
b. Dueted Central Exhaust Design:This system uses a 
single large multi-speed exhaust fan ducted to 
bedrooms, baths, kitchen and living areas to provide 
both whole-house and spot ventilation. The fan is 
controlled to provide a high speed, high flow exhaust 
when needed for spot ventilation in the kitchen or 
bathrooms. The fan also QPerates at a lower flow 
rate when controlled to provide whole house 
venti lation. 
c. Discrete 
system uses 
provide spot 
d. Forced 
Dnign: In 
through bath 
venti lation 
integration 
system. 

Spot and Nhole-House Design: This 
separate fans and control systems to 

and whole house ventilation. 
Air Heating/Cooling System Integrated 

this system spot ventilation is provided 
and kitchen exhaust fans but whole house 
and make up air are provided through 
with the forced air heating/cooling 

Design and Installation Requireaents: 

a. System Sizing: A mechanical ventilation system 
shall be siled to provide the quantities of exhaust 
ventilation specified in section 502.1.8 NNEC. 

b. Whole House Fan Ratings: Fans used to provide 
whole house ventilation shall be rated for noise and 
airflow as tallows: 

1. Noise: All fans used to provide whole-house 
ventilatirin shall have a tested sone rating of 2.5 or 
less. The noise rating shall be tested at the rated 
capacity operated at 0.1 inches of static pressure. 
This rating may be exceeded if the fan is remotely 
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located from the space being ventilated. 

2. Airflow: The fan capacity shall be rated 
output at 0.1 inches of static pressure. 

c. Backdraft Daapers: A tight-fitting backdraft 
damper shall be provide in each exhaust duct and 
capable of closing when the fan is not in use. 

d. Ductwork:Ductwork connected to the whole house 
fan shall be installed with linilum bends .nd shall 
be of minimum si~e per the following table: 

AIRFLOW (CFH) 
less than or equal to 50 
frol 50 to 100 
lIIore than 100 

DIAHETER (inches) 
3.5 
5 
b 

In clilate zones 2 and 3, provisions shall be made to 
deal with condensation and frost build-up in ducts 
located outside the conditioned space. 

e. Controls: 
controls for 
whole house 
requirements: 

Each ventilation systelll shall have 
both the spot ventilation fans and the 

fans that meet the following 

1. spot ventilation in baths shall be controlled 
by crank tilers, dehulidistats, light switches, or as 
approved. Spot ventilation in kitchens should be 
controlled by dehumidistat or crank timers but may be 
controlled by a manual switch. 

2. The whole house fan shall be controlled to 
operate on an" automatic basis and to allow manual 
operation if desired. The autolatic control system 
shall be based upon humidity levels (dehumidistat) or 
time (time of day timers or cycle tilllers) or as 
approved. The whole house fan shall also be 
connected to a lIIanual override switch that allows the 
occupant to turn the fan on continuously ~r to 
disable the systelll if desired. 

f. Kakeup Air: 

1. General: The minimul makeup air to be 
provided shall be equal to the number of sleeping 
room times 10 cflll plus an additional 10 cflll. 

The lIIakeup air requirement lIIay be provided by fresh 
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air ports. Flow controlled ports designed,to provide 
fresh air installed in each room requiring make Up 
air: or, central makeup air ducts: A central duct 
providing makeup' air directly to the return plenum of 
a forced air heating/cooling system and a circulating 
fan circulates the fresh air to the required rooms 
(used with Forced Air· Heating/Cooling System 
Integrated Design). 

2. Source: The source 
be localed to minimize the 
air pollutants inside 
operation. The source 

for fresh air makeup shall 
potential to draw outdoor 

during whole house fan 
shall also be located to 

minimize the potential for excessive outdoor noise 
levels being transmitted to the interior through the 
makeup air system. 

3. Protectionz The source for makeup air shall 
have adequate provisions on the exterior connection 
to protect the system against entry by insects, 
birds, leave, or other such objects. 

4. "ixing/Te.pering: Provisions shall be made to 
temper the make up air before it is allowed to enter 
the occupied zone. This may be achieved by drawing 
makeup air in through long thin slots to mix with 
room air, direct heating, drawing through a buffered 
space, or as approved. 

5. Flow Control: The lakeup air source shall 
have provisions for flow control to limit excessive 
air flows under normal operation. 

6. Distribution: Adequate provisions to ensure 
distribution of the makeup air to the necessary rooms 
and to the appropriate whole house fans shall be made 
such as undercul doors, dueled exhaust ports, exhaust 
air plenums. etc. 

Operation Check: The following items will be 
verified by the system installer~ 

a. Exhaust airflow and Makeup airflow. 
b. Controls are provided and verified to operate 
according to approved design. 
c. Equipment Identification. 
d. Operation and maintenance are available at 

4.0 AIR-TO-AIR HEAT EXCHANGERS 
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4.1 Scope: This specification applies to the design and 
installation of air-to-air heat exchange systeas 
capable of meeting ventilation requirements of 
Section 502.1.B NWEC while' providing heat recovery. 
spot ventilation requirements for baths and kitchens 
may be met through the Air to Air Heat Exchanger or 
by separate ~Ihaust fahs. 

4.2 Syste. Design and Installation: 

a. General: 
for use in 
capable of 
introducing 
The outdoor 
exchange of 
exhausted to 

The AAHX shall be specifically designed 
residential buildings, and shall be 

ventilating the conditioned space by 
outdoor air and exhausting indoor air.' 
air shall be conditioned through an 

heat from the indoor air that is being 
the outside of the building. 

The overall ventilation rate of any dwelling unit 
using mechanical ventilation capacity and natural air 
leakage shall be a minimum of 0.35 air changes per 
hour IACHI. Buildings complYIng with the provisions 
of Advanced Air leakage Control shall be sized based 
on the a~sumption that the natural air leakage rate 
for dwellings is 0.1 ACH for the· purpose of 
calculating the ~echanical ventilation capacity. 

b. Systn Design: 

1. General: Systems shall be sized and designed 
to provide the design air change rate to the 
conditioned spaces at the registers according to one 
of the follo~ing methods: 

Prescriptive Method: The system shall be sized 
according to the provisions of Section 4.2(c) 
Prescriptive Sizing ~ethod, or, 

Systea Design Method: The entire system shall be 
designed and,sized for each house submitted using the 
calculated pressure loss or the equivalent length 
method by an approved designer. The system design 
shall include complete due! friction loss 
calculations, AAHX unil fan pressure/flow curves, . 
register and grill pressure drops. Documentation 
including all f the above information shall be 
available for review upon request. 

2. Delivered Capacity: As an overall system, 
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including all ductwork and regIsters, the AAHX system 
shall be designed to be capable of providing a 
ninimum installed mechanical ventilation capacity of 
0.25 ACH to the conditioned space Hhe~ run 
continuously. The maximum installed capacity'shall 
be 0.35 ACH Hhen run conti~uously. AAHX systems 
using inline duct heaters to provide space 
conditioning may exceed the 0.35 ACH capacity limit. 

The AAHX system may exceed 0.35 ACH in capability if 
the systea is being used for bath and kitchen exhaust 
ventilation requirements set forth elsewhere. 
HOHever, the system shall only exceed the maximum 
delivered capacity for purposes of exhausting these 
spaces. 

3. Type: The AAHX system shall at a miniRlum be a 
BPA approved central system type. It shall also 
comply with the uniform building and uniform 
mechanical codes. 

4. Supplies: There shall be an air supply to 
each bedroom and one additional habitable conditloned 
space. 

S. Returns: There r.hall be, at least, one return 
within the conditioned space. If there are no 
exhaust fans in the kitchen, bathroom, or utl1ity 
areas, then there shall be one return located in each 
of those spaces, alloHing the AAHX to serve a~ the 
exhaust syst.em. 

b. Sound Attenuation: Vibration arrestors shall 
be installed per manufactur2r's recommendations. 
Flex duct shall be included betHeen the unit and the 
supply duct. Acoustical isolation 5hall be provided 
betHeen adjacent rooms 

c. Prescriptive Sizing "ethod: This section 
provides a method for sizing central system AAHXs and 
the associated ductwork for a mlnlmum installed 
capacity without performing detailed calculations on 
each system. 

If the system does not tonform to all of the 
provislons of this section, the~ it must be designed 
according to the Complete System Design Method in 
Section 4.2(bl. 

System Requirements: All of the folloHing conditions 
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Nill be satisfied for each AAHX before the syste~ and 
ductwork can be sized. 

1. Floor Area: Each unit shall comply with the 
requirements of Table 4-1. It shall not handle a 
floor area in excess of 3000 sq ft. 

2. Balancing: The stale 
streams include balancing 
balancing within 10 percent. 

air and 
dampers 

fres"h airflow 
to allow for 

3. EKhaust Branch Duct Runs: A mInImum of one 
and a maximum of four stale air exhaust branch ducl 
runs are included in the system. 

4. Supply Branch Duct Runs: A minimum of three 
and a maximum of five fresh air supply branch duct 
runs are included in the system. 

5. Straight Duct Run Length: A maximum duct run 
lenQth of 100 feet of straight duct from the outside 
hoods to any of the inside registers. 

b. "ain Branch ElboMsr A maximum of six 90 
degree elbows or bends or twelve 45 degree elbows or 
bends from the outside intake or exhaust hood to the 
main duct run betNeen the AAHX and the first branch 
for either the fresh or stale air duct runs. 

7. Branch Duct ElboMS: A maxi~um of six 90 
de~ree elbows or bends or twelve 45 degree elbows or 
bends from the first branch off the main duct run to 
any register for either the fresh or stale air duct 
runs. 

8. AAHX "inieua Design FloM Rate: The AAHX from 
the approved list shall be capable of providing the 
design flow rate of 0.25 ACH at 0.3 inches of water 
equivalent eiternal pressure drop. 
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Table 4-1 

/~ \ Design Flow hte and Duct Size by Conditioned Floor Area 

Conditioned Floor Area Design Flow Rate "iniaua Duct Size 
(sguare feet) (cial Flex (inl Saooth 

200 7 3 2 
400 13 4 3 
600 20 4 3 
800 27 5 4 

1000 33 5 4 
1250 42 5 4 
1500 50 5 4 
1750 58 6 5 
2000 67 6 5 
2250 75 6 5 
2500 83 7 6 
2750 92 7 6 
3000 100 7 b 

d. Unit location: Th. AAHX unit shall be located in 
a conditioned space, or as approved. The AAHX unit 
shall be located and installed in such a manner 50 

that controls, filters, e~changer cores, condensate 
removal equlp~ent and wiring are all readily 
accessible for routine ~aintenance and removal. The 
AAHX shall be located and installed to minimize 
noise. 

e. Systea Control Strategy: 

1. General: Control system design and 
all local electrical 

operating the ~nil 

shall be labeled as to 

installalion shall comply with 
codes and be capable of 
continuously. all controls 
function and operation. 

2. Power: A separate power circuit shall be 
provided for the AAHX and the unit which,shall be 
hard wired to that clrcuil if lhe listing so states. 

3. Dehuaidistat: There shall be a dehumidistat 
in the system located in the general living area away 
from the major humidity sources. The dehumidistat 
sh~ll increase the ventilalion rate when activated. 
and shall be adjustable from 30 percent to 80 percent 
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relative humidity ~ percent. 

4. On/Off SNitch: A listed onloff switch shall 
be installed and accessible to the occupant. The 
switch shall be clearly marked to indicate its ·on" 
oosition. The on/off sWitch shall be located next to 
the dehumidistat sensing ~evice and control. If 
multiple switches are used to control the unit, each 
switch ~hall independently control the unit without 
interfering with any other switches. 

5. Variable Speed Control: Variable speed 
operation dr high/low speed setting shall be provided 
for the AAHXs that are being used to meet the exhaust 
requirements for baths and/or kitchens. but is not 
necessary on the AAHX unit that is specifically 
designed to run in a constant ·on" mode and which has 
the capability to provide 0.35 ACH (including 
basements). 

f. Duch and Distribution Systea: 

1. Ducts shall be located within the enclosed 
areas of the dwelling. 

2. Ducts shall not be located in exterior wall 
cavi ties. 

EXCEPTION: Ducts lay be located In exterior 
Hall cavities if a minimum of 2-inch exterior 
rigid foam ~lastic insulation can be olaced 
between the duct and the outside wall surface. 

3. Warm side ducts 
untonditioned spaces shall be 
than R-4. 

that are located in 
insulated to not less 

4. Cold side intake and exhaust ducts leading 
from the unit shall have an exterior vapor barrier 
plus a .minimum of R-~ insulation. Return ducts in 
unconditioned spaces as Hell as eKhausl ducts shall 
have interior vapor barriers. 

5. Uninsulated ductwork shall not be buried in 
the attic or floor insulation. 

EXCEPTION: Uninsulated duct runs located In 
attics or floors may be insulated by covering 
the duct with an equivalent level of insulation 
as required for the floor/ceiling or 
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roof/ceiling provided that the duct is located 
either in the joist cavities or is resting 
directly on the joists. Ducts stacked on other 
ducts shall not be ~llowed to be insulated by 
floor/ceiling insulation. 

6. Ducts shall be designed and installed to 
~ini.ize pressure drop. Duct runs shall be installed 
with Minimum change in direction and a minimum length 
of uterial. 

7. Ductwork shall be 
prevent unnecessary bends and 
support of ductwork shall 
Unifor~ Mechanical Code 
specifications. Use of 
Materials for support and 
permi tted. 

supported adequately to 
sags. Strapping and 

be installed as per the 
and manufacturer's 

duct tape or siMilar 
strapping shall not be 

8. All ducts shall have a minimum nominal 
interior diameter as determined by the prescriptive 
sizing requirements or IS determined by the system 
design. 

9. If prescriptive sizing requirements are used, 
air intake grilles shall have a minimum free area of 
36 square inches for each 100 CFM of design airflow 
at the air intake. Air outlet grilles shall have a 
minimUM free area of 30 square inches for each 100 
CFM of design airflow at the exhaust hood. 

10. For AAHX's without preheated supply air, all 
supply diffusers installed in frequently occupied 
rooms shall be designed for air-conditioning use. 
shall be ceiling outlets or high-wall diffusers. and 
shall be installed in accordance with .anufacturer's 
reco.Mendations, Supply diffusers installed in 
rarely occupied and less thermally sensitive areas 
~ay use air distribution systems that minimize air 
velocity to reduce drafts in lieu of air-conditioninQ 
design. 

11. Adjustable, tamper-proof registers shall be 
provided. 

12. Balanting dampers shall be installed on the 
warm side of the unit on both air streams, within 2 
reet of lhe unit, or an approved alternative that 
assures incoming/outgoing flows are within 10 percent 
of each other. Air distribution adjustment from 
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room-to-room may require additional balancing 
dampers. If the AAHX unit is capable of running in 
an unbalanced mode for defrost purposes with an 
i~balance of no more than 50 perc.nt more airflow in 
the exhaust stream than in the inlake air stream. 

13. Outside intake and exhaust shall be located 
at least 6 feet from each other, and shall not be 
localed by driveways, carports, or areas where 
contaminated air is likely to exist. All ~oods shall 
be a minimum of 12 inches above finished grade and 
should be protected from environmental degradation. 
Intake and exhaust hoods shall incorporate 1/4-inch 
mesh screen or the equivalent. Intake hoods shall be" 
located at least b feet away from clothes drYers, 
kitchen and bathroom exhaust fan hoods. and shall not 
be located on roofs. The outside hood :hall have a 
backdraft damper. 

g. Condensate: 

1. Condensate removal plplng and equipment shall 
be designed and installed according to the 
manufacturer's specifications. 

2. Condensate removal pIpIng equipment design and 
installation shall comply with all applicable State 
and local codes. 

j. The condensate lines shall be installed In a 
space where the temperature is maintained above the 
freezing point. 

h. Fi Iters: 

I. The AAHX shall have a particulate filter 
located on the return duct upstream from the AAHX 
which is adequate to preverit contamination of the 
AAHX core from general airborne dust. 

2. The AAHX shall also have a filter suffICIent 
to remove the majority of pollens and other 
aeroallergens. and be located on the intake stream to 
the AAHX. The intake air fllter shall be readily 
accessible for maintenance. 

3. Filters shall be installed in accordance with 
the manufacturer's instructions. 

4. One set of clean air filters shall be left 
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with the unit for replacement bv the occupants. 

Duct Heat'ers:All heating devices used to condition 
airflows in the AAHX system including duct heaters or 
terminal reheaters shall comply with the provisions 
of this Section. 

I. Local Codes: The installation shall comply Hith 
all local building, electric:al and llechanical codes. 

b. Unit Li5tin~: The duct heater ,hall be UL 
listed, CSA approved, or have an approved equivalent 
safety certification. 

c. Ducts: Sheet metal or approved duc:ting shall be 
used for a Minimum of 5 feet downstream and I-foot 
upstream of the duct heating unit. 

d. Airflow Capacity: Airflow c:apacitv of the AAHX 
shall lleet the followinq~ requirements: 

I. Match duct heater specifications. 
2. Not allow duct temperature rises Which 
exceed 67 degrees F. and. 
3. Be able to maintain suitable duct 
temperatures for occupant comfort. 

e. Airflow Distribution: Provisions shall be made 
to assure even airfloH across heater elements. 

f. Duct Healer Size: The duct heater shall have a 
thermal output capacity of no greater than 125 
percent of the whole-house design heating load. 

g. Controls: A feedback sensing control and(or a 
manual override onloff switch shall be provided that 
p~events the house from overheating and/or prevents 
entrv of cold air supply. 

h. Labels: There shall be instructional labels on 
all C'Jntrol s. 

i. Accessibility: The duct heater shall be easily 
accessible fDr reDair or replatement. 

j. System Design: If a non-packaQed system is used, 
then ~ reqistered professional engineer shall approve 
the system desiQn. 
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k. "anuals: Duct heater syste~s shall be 
accompanied by an installation manual and a homeoMner 
~anual describing the operation of the heater in 
conjunction Mith the AAHX and the operation of all 
controls and safety fe~tures. 

4.4 Forced Air Furnace Integration: systems designed and 
installed to use the forced air heating system 
ducting for distribution of supply air shall comply 
Mith the provisions of this section. 

a. Exhaust Ducts: A ~eparate stale air exhaust duct 
system shall be installed to the AAHX according to 
the provisions of Section 5.2 System Layout. 

b. Supply Duct: The AAHX fresh air supply shall be 
ducted to Mithin 12 i~ches of an undampered return 
grille of the forced air heating system. the supply 
duct· shall not be directly connected to the 
undampered return grille of the forced air heating 
system. 

EXCEPTION: 
sped fi ed as 
manufacturer 
util ity. 

Direct connection 
a recommended 

and as approved 

may be alloMed if 
installation by the 

by the participating 

c; Forced air Return Brille Size: The area of the 
return air grille "here the AAHX supply air is ducted 
to shall be at least 150 percent of the area of the 
AAHX fresh ai~ supply duct. 

d. location: The AAHX and the opening in the return 
grille shall be located in a conditioned space. 

e. Fan Control: The forced air heating syste~ fan 
control shall allow for two-speed operation including 
a low speed for continuous fresh air distribution as 
well as the nor.al high speed for heating. The 10" 
speed setting shall be designed for continuous 
operation without affecting occupant comfort. 

f. Flow Control: Dampers shall be provided to allow 
a flow balanced system. 

4.5 Operation Check: 

a. System Operation: 

.1. The installer shall certify that the AAHX 
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The actual flow 
sha 11 aeet the 

2. 
intended. 

AU control devices shall function al 

b. SYlt •• B~lantingl 

1. the installer shall balance the syste. by 
.@asuring total voluletric airflow in both flow paths 
using talibrated flow aeasuring device and by 
adjusting balancing dampers andlor supply register 
daapers to obtain equal flow rates (~10 pertent) in 
both the supply and exhaust airflow paths. 

2. a leans of balancing airflow in branch ducts 
shall be provided where necessary. 

c. Airflow "eaSure •• nt: the airflow rates into the 
house fro. each supply register shall be leasured and 
adjusted, if possible, to provide an even ventilation 
pattern throughout the house. 

d. Miring: All of the control wIrIng and power 
wiring connections shall b@ thoroughly checked out at 
startup. 

e. Controls: The installer shall provide the 
hOMeowner with a description of the control setup for 
the AAHX systel. Th@ description shall explain the 
various control devices and indicate an initial 
setpoint. It shall also describe the purpose behind 
each control and suggest I@thods for adjusting 
setpoints to obtain an acceptable ventilation rate. 

f. "anufatturer Infor.ation: 

1. the installer shall provide the hOleowner with 
a complete set of the manufacturer-supplied 
inforlation which accolpanied the AAHX. 

2. The installer shall affix all manufacturer-
supplied caution, laintenance, operation, etc., 
labels to the proper location on the systel. 

3. The installer shall provide the homeowner with 
a written manufacturer's warranty. 

4. the installer shall provide the homeowner with 
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the nale, address and phone number of the nearest 
manufacturer's representative, and/or the nearest 
equipment service center. 

g. Labeling: 

I. The four ducts attached to the AAHX shall be 
labeled as to the function. 

2. All controls shall be labeled. 

h. Certification: 

I. the installer shall certify completion of. the 
installation and correct airflow/balancing 
adjustments by completing a fori approved by BPA. 

2. The installer shall certify that a complete 
set of manuals providing clear instructions and 
sizing information for installation and operation for 
the householder to perform routine laintenance was 
provided. 

3. The installer and recipient shall sign the 
fori. A copy shall be provided to the 
homeowner/builder and the lanufacturer of the AAHX. 

5.P EXHAUST AIR HEAT PU"P (EAHP) VENTILATION SYSTEK 

5.1 Scopel This specification applies to the design and 
installation of exhaust air heat pump systels for 
individual dwelling units. ·Buildings complying with 
the provisions of advanced air leakage control shall 
comply with all of the provisions of this chapter or 
Section 4.0 Air-to-Air heat Exchangers. Spot 
ventilation requirements for baths and kitchens may 
be let through the exhaust air heat pUlP system or 
through separate exhaust fans. 

5.2 Design and Installation Require.ents: 

a. System Designl the exhaust air heat pump svstem 
shall be specifically designed for use in residential 
buildings and shall be capable of ventilating the 
conditioned space by extracting air from indoors and 
providing for the introduction of outdoor air. 

The primary function of the EAHP system will be to 
provide ventilation inside a closed building by 
extracting interior air and running it through a 
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properly sized heat pump to reclaim the exhausted 
heil energy in the form of potable hot water. 

A properly sized heat pump is a unit that is designed 
to maintain the minimum ventil~tion rate as required 
and is capable of supplying all of the domestic hot 
water needs. 

Secondary space heating is an option that may'be used 
in conjunction with the water healer. If the space 
he.ting option is to be used, the electrical 
resistance element in the hot water heater shall be 
disabled during the space heating mode. 

b. Ventilation Rate: The control system shall be 
designed to be capable of mainlaining the minimum 
ventilation rate required. 

c. Resistance Backup: A resistance backup coil 
shall be provided and shall be sized to be capable of 
supplying the hot water demand 'load when the heat 
pump ventilation system is not in operation. 

d. Location: The EAHP system shall be located in a 
readily accessible conditioned space, acousticallY 
isolated, and protected against freezing~ Ease of 
maintenance and service shall be a major 
consideration when locating the heat pump unit. The 
system shall be placed in 5uch a location as to 
optimize operating efficiency and that duct runs from 
the EAHP are as short as possible, minimizing bends 
alld restrictions, and in facilitating placellent of 
supply and return points. 

e. Supply and Return Points: The EAHP system shall 
be designed in such a manner as to provide whole
house ventilation and heat recovery. At a minimum, 
supply shall be provided to each bedroom and one 
general living area. There shall be at least one 
centrally located return point. If separate exhaust 
fans are not installed in baths and kitchens, the 
EAHP shall provide a return in each bath and kitchen. 
Relurns in kitthens shall not be placed over ranges. 

f. Interior Vents: All air supply and return points 
within the house shall be covered with 
register/grilles and shall be localed to reduce the 
possibility of airflow shorl circuit between the 
supply/return lines. air supplY registers shall be 
located in the ceiling or hlgh on wall surfaces lo 
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provide maximum supply of airflow 
discomfort and shall direct the airflow 
the floor/ceiling surfaces or upward 
ceiling. Return grilles shall have 
dampers. 

g. Exterior Vents: 

NWEC STD 25 

with IIlnlmum 
parallel to 
toward the 

flow control 

1. Hoods: Intake and exhaust hoods shall be at 
least 12 inches above the finish grade. The air 
intake inlets are recommended to be located on the 
south side of the building but not to be l~cated by a 
driveway or carport. Hoods shall be resistant to 
environmental degradation and shall be labeled as to 
their proper function (e.g., 'exhaust air'). Other 
locations may be accepted as approved. 

2. Outside Vents: The outside air intake vents 
shall be separated from the outside exhaust vents by 
at least 6 feet unless properly designed intake and 
exhaust nozzles allow back-to-bacK placement with no 
possible crossflow contamination. 

3. Backdraft Daaper: 
installed in the outside 

A backdraft damper shall be 
exhaust hood. both intake 

and exhaust hoods shall be turned downward to prevent 
rain and snow entrv and located where ice formatIon 
Hill not cause safety problems. 

h. Duct Layout and Design: Ducts shall be sized and 
designed according to standard engineering practice. 
Duct installatIon shall meet all State and local 

-building codes for safely and construction. ducting 
shall have duct joints and seams sealed with tape or 
similar means. Ductwork from the heat pump to the 
outside exhaust shall be installed to provide 
adequate drainage of condensation. 

1. Duct lnsulat.lon shall comply with the 
requirements of Section 4.2(e). 

j. Filters: filters shall be installed upstream of 
the exhaust air heat pump equipment in both the 
intake and return airducts and insect screens shall 
be installed at all outside intake and e~haust 
points. 

k. Condensation: A condensatIon drain shall be 
provided for the heat pump so thal any possible 
overflow of moisture will be piped to a suitable 
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drain and all building codes are met. Any p1plng 
used for condensate control shall be within a 
conditioned space and shall direct condensate to a 
non-freezing drain. 

5.3 Operation Check: 

a. Certification: The equipment shall be certified 
in accordance with the 5as Appliance manufacturer's 
Association approved equivalent. 

b. Warranty: The heat PUlP unit shall be provided 
with a I-year written warr~nty on parts, a homeowner 
manual, and installation instructions. 

c. Installer Verification: The system installer 
shall verify that the system operates as designed. 
the installer shall complete a form containing the 
following items: Verification of Airflow, Controls, 
Equipment Identification, Brochures and Operation and 
/hi ntenance. 

References: The following documents are not all specifically 
referenced in this specification but are listed to provide 
additional sources of information regarding ventilation system 
design and installation. 

Underwriters Laboratory Inc., Standard IULII 
181-1987 - Factory-.ade Airducts and Connectors 
883 - Fan Coil Units and Room-Fan Heater Units. 
507 - Electric Fans. 

Uniform Mechanical Code 1985 

National Electric Code 1985 

Uniform building Code 1985 

Canadian Standards Association (CSAI Preliminary Standard 
C439-"1985 Stan~ard Methods of Test for Rating the 
Performance of Heat Recovery Ventilators 

Canadian Standards Association (CSAI C444 -M1985 
Installation Guidelines for Heat Recovery Ventilators 

Canadian Standards Association (CSAI C22.2 No. 113-M1984 
Fans and Ventilators 

American Society of Heating, Refrigeration and 
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Aircondltioning Engineers (ASHRAEI Standard 62-81, 
Ventilation for Acceptable Indoor Air Quality 

AMerican Society of Heating, Refrigeration and 
airconditioning Engineers (ASHRAEI Standard 62-81, 
Ventilation for Acceptable Indoor Air Quality 

HOMe Ventilating Institute, Division of AMCA. Heat Recovery 
Ventilator's Product Certification Procedure, Heat 
Recovery Ventilator's Perforlance Test Standard for 
Ducted Heat Recovery Ventilators 

Air Hovelent and Control Association (AHCAI 210 Laboratory 
Methods of Testing Fa~s for Rating. 

Bonneville Power Adlinistration: Air to. Air Heat Exchanger 
Product Specifications (NWEC Standard 1261 
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1.0 

2.0 

3.0 

4.0 

SCOPE 

NoRTHNEST ENERGY CODE STANDARD NO. 26 

Bonneville POMer Ad.inistration 
Air-to-Air Heat Exchangers 

Product Specifications 

NWEC STD 26 

This specification covers self-contained central air-to air 
heat exchangers. made of factory-assembled components in. 
which heat is transferred between two isolated airstreams. 

PURPOSE 

The purpose of this specification is to establish mlnlmum 
.aterial and performance requirements for central air-to 
air heat exchangers. This specification establishes 
minimum acceptable levels of performance based on the test 
procedure in Section 7.0. 

DEFINITIONS 

For the purpose of this specification, the following terms 
a·re defined: 

Air-to-Air Heat Exchanger (AAHX): A device used to 
ventilate the conditioned space by exhausting indoor air 
and supplying fresh air and which transfers heat between 
two isolated airstrea~s. 

Bonneville: Bonneville Power Administration. 

"anufacturer: Person or persons which assemble the 
elements or components of the air-to-air heat exchanger. 

"CS Progrus: 
programs. 

Model Conservation Standard support 

Net Ventilation: The volume of air introduced into the 
conditioned space per unit time. 

REFERENCES 

Referenced standards are as follows: 

Heat Recovery Ventilator Perfo~mance Testing Standard for 
Ducted Heat Recovery Ventilators, Home Ventilating 
Institute (HVI), 1987 edi tion. 
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5.0 GENERAL REQUIRE"ENTS 

5. t These specifications are intended to comply with applicable 
existing codes and Federal regulations. In any case where 
a Federal, State or local code or regulation exceeds the 
requirements herein, that code or reg~lation shall apply. 

5.2 Air-to-air heat exchangers installed under MCS Programs 
shall meet the criteria defined in this specification. The 
Manufacturer shall be responsible for submitting to 
Bonneville or its designated representative the test 
information for evaluation prior to installation. Once 
accepted under MCS Programs, the product shall be approved 
without resubmittal to Bonneville except as noted in 
Paragraph 5.3. The unit shall also be proven to comply 
with uniform building and uniform mechanica~ code 
requirements. 

5.3 Bonneville reserves the right to identify and disapprove 
for use in MCS Programs, any product at any time when it is' 
deemed the product is not satisfactory for future use in 
MCS Programs. Such disapproval shall be issued in writing 
and shall identify the flaws found in the product. 
Disapproval shall be issued after consultation with the 
manufacturer. 

6.0 PRODUCT REQUIRE"ENTS 

6.1 The air-to-air heat exchangers supplied shall be 
specifically designed for use in residential buildings. 
The unit shall be rated for voltage which is nOlinally 
available in a single family residence. ~ower shall be 
supplied to the unit through Underwriter Laboratories' lULl 
or Canadian Standards Associations' !CSA) or approved equal 
listed three conductor wire lone conductor is ground) 
either permanently wired or through the use of UL listed 
electrical cord and a three-prong plug. 

6.2 The motor!s) shall be matched to the blower!s) and the 
conditions under which the blower!s) operates. The 
motor!s) shall be listed by UL, CSA or approved equal. The 
lotor!s) and blower!s) shall be perlanently lubricated. 

6.3. The air-to-air heat exchanger including a defrost mode 

6.4 

shall be listed by Underwriter Laboratories lULl or 
Canadian Standards Association !CSA) or approved equal. 

The components of the air-to-air heat exchanger shall be 
easily accessible for routine maintenance. The motor!s), 
blower!s), filter!s), and controls shall be accessible 
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without removing the unit, detaching the ductwork, or using 
special tools. 

6.5 The air-to-air heat exchanger shall have a method of 
condensate removal that results from the operation of the 
heat exchanger. This shall be accomplished using a drain 
system or a comparable mechanism. 

7.0 TEST REQUIRE"ENTS 

7.1 The air-to-air heat exchanger shall have test data from an 
approved independent testing agency. Tests shall be 
conducted in accordance with Heat Recovery Ventilator 
Performance Testing Standard for Ducted Heat Recovery 
Ventilators, Home Ventilating Institute IHVI), 1987. For 
each product to be approved, the above test shall 
demonstrate compliance with the following criteria: 

Factors Supply Air 
Teaperature 
IF) 

System Net Air Acceptance 
Pressure Flow Rate Criteria 
lin W.B.) ICFM) 

Net Supply Airflow 
Rale 32 0.2 l'Iin 50 eFM 

Exhaust Air Transfer 
Ratio 32 0.2 1'1 a x 0.10 

Sensible Recovery 
Effi ci en t:y 32 50 tlin 0.65 

Low TeMp. Ventilation 
Reduction Factor: 
Supply l'Iin 0.85 
Exhaust Min 0.85 

7.2 The air-to-air heat exchanger shall have tested air flow 
rates of standard air to within +/- 15% CFM, whichever is 
greater, of manufacturer's designed flow rates on both 
supply and exhaust streams. 

8.0 

8.1 The Manufacturer or his distributor shall 
consumer a warranty in writing against 
defects for a period of at least one year .• 
be shipped with a written warranty which is 
to the Consumer. . 
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8.2 The Manufacturer shall provide two Operation and 
Maintenance instructions with the product, one written for 
the installer and one written for the consu~er. Simple and 
clear instructions shall include: 

1. Range of outdoor temperatures 
designed to operate, 
2. Installation and start-up 
options, 

at which the unit is 

instructions including 

3. Recommended operation instructions with air filter 
description, 
4. Routine maintenance instructions with air filter 
description, 
5. Trouble-shooting instructions for minor problems, 
6. Component and accessory list, model identification 
information, and 
7. Nale, address and telephone number of the Manufacturer 
or Distributor authorized to service the product. 

8.3 The air-to-air heat exchanger shall be identified with the 
Manufacturer's name and model name or number. 

8.4 The source and direction of air flow shall be permanently 
identified on each of the four duct connections for proper 
installation and maintenance. 
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RADON "ITI6ATION SPECIFICATIONS 

SECTION 901 

SCOPE AND DEFINITIONS 

901.1 Purpose 

The purpose is to establish 11nl1UI criteria for the design 
and installation of radon reduction systels based on lonitored 
radon concentrations in R-3 occupancies which cOlply with the 
NWEC. The litigation requirements will not be required unless a 
lonitoring of the soil around or under the building indicates the 
presence of radon gas. 

901.2 D.finitionl. 

Iiolat.d Ba •••• nt. A baselent that is physically 5eparated 
or capable of being separated frol the upp.r floors of the 
building. This includes baselents with stairwells to upper 
floors with a closeable door at the upper floor, and penetrations 
in the baselent ceiling which are seal.d against air leakage to 
the upper floors. 

N.t Fr •• V.ntilation Op.nings. The net area of unenculbered 
vent (i.e., the gr055 area subtracting the area of screenl Dr 
louvers) which provides free air access. 

P.r •• ability, Lo.. Perleability is conlidered low when the 
soil conditions are poorly drained. 

Per.eability, High. Per.eability is conlidered high when 
the soil conditions are well-drained. 

Pr ••• ur. Field. A Iystel of underslab or underground piping 
which is used to create a pres5ure gradient underneath the slab. 

Son •• 
cyclls per 
of hearing. 

The lone is equal in loudness to a pure tone of 1,000 
5econd at 40 decibels above the listener's thre5hold 

SECTION 902 

GENERAL REQUIRE"ENTS 

902.1 

Residential buildings that do not cOlply 
502.1.7.2 shall lonitor for the pre5ence of 
accordance with Section 903. Those buildings in 

with .ection 
radon gas in 

which a rlading 
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of lore than 5 PCi/1 shall have a radon reduction systeD 
designed, installed and monitored to reduce the concentration to 
a level of 507. of the initial reading. 

EXCEPTION: Buildings cOlplying with the applicable Section 
904, 905, or 906 of this chapter. 

902.2 Systea Labeling. 

902.2.1 A 
perlanent, indoor 

label shall be affixed to an accessible 
location within each individual dwelling unit. 

902.2.2 This label shall inforl the homeowner that the 
house contains a radon litigation systel. The label shall state 
that lore information on the system can be obtained by contacting 

(local utility number) 

SECTION 903 

HONITORlN6 FOR RADON 6AS 

903.1 Honitor: Monitoring shall be performed using a 
Terradex Corporation type SF passive lonitor Dr an approved 
equal. 

903.2 Honitoring Period: The radon lonitor shall be 
installed within 12 months of cOlpletion of the hOle for a 
minimum of three lonths during the period of Septelber through 
Harch Dr as approved for the lonitor being used. 

903.3 Honitoring Location: The radon monitor shall be 
installed on the first story in the main living area of the hOle 
on an open shelf Dr other flat surface, Dr be suspended frol the 
ceiling 4' to 7' above the floor, away from windows and doors, 
and away frol possible drafts frol heating or cooling vents. 

903.4 labeling: The monitor shall be tagged with a label 
containing information consistent with the Bonneville Power 
Administration's Residential Weatherization Program 
specifications for labeling of radon detectors. 

903.5 Radon Reduction Systea Requireaent Criteria: After 
aonitoring a radon reduction system shall be installed based upon 
the lonitored radon level and house type as given in Table 9-1 • 
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SECTIDN 904 

RADDN REDUCTIDN SYSTEn FDR BUILDIN6S WITH BASEnENTS 

904.1 Application Criteria. This syste. sha~l be used only 
in buildings with a full or partial base.ent that can be 
co.pletely isolated fro. the reaainder of the living space and 
thus be placed under a constant positive pressure condition 
relative to the outdoor pressure. 

904.2 Construction Require •• nts. 

904.2.1 Ba.e.ent Isol.tion. a. Baseeents shall be 
isolated fro. the living space. 

b. All holes in the living space floor shall b. 
sealed, including pluebing, electrical, structural supportl, etc. 

c. All duct work penetration through occupied floor 
over the base.ent shall be sealed. 

d. All doors separating the base.ent fro. the living 
area shall be weatherstripped. 

904.2.2 B ••••• nt Sl.b S •• ling. Peri.eter cracks and 
control joints Ihall be caulked. 

904.2.3 Ba.e •• nt W.ll S.aling. a. If the exterior lida 
of the foundation il exposed, the exterior of the foundation 
shall be da.p-proofed and backfilled. 

b.The top of hollow block walll shall be sealed with 
ethafoa. sill sealer and butyl caulk. 

c. The interior of block walls shall be coated with 
epoxy paint or parging. 

d. All pipes and electrical penetrations shall be 
sealed with caulk. 

904.2.4 Venti htion 
preslurization syste. or forced 
provided. 

shall be 
air syste. 

by a stand alone 
integration shall be 

904.2.5 a. Discrete pressurization syste. is a 
per.anently installed fan, ducted and controlled to pull air fro. 
the upper living areas and exhaust that air into the base.ent. 
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The fan shall be listed by an agency, designed for continuous 
operation, and have a sone rating no greater than 2.5. 

b. The system 
basement by supplying tan 
greater capacity than the 
basement. As a .ini.um the 
be provided. 

shall be sized to pressurize the 
ventilation to the base.ent of a 
natural air leakage rate of the 

quantities listed in table 9-2 shall 

904.2.6 Forced Air Heating Syat.. in the Section. 

(~ 
~ 

This section only applies to base.ent pressurization systems ~, 

which are to be integrated with existing forced air heating ~ 
systems. a. The forced air heating syste. shall be a closed-
loop system. 

b. All air for forced air heating syste. operation shall 
be provided from the living space return air system. 

c. A supply air outlet to the basement shall be provided. 

.d. A per.anent fan shall be located in the basement supply 
air outlet to maintain a positive pressure condition relative to 
the outdoor pressure. It shall be readily accessible for 
.aintenance and replacement. 

e. The fan shall operate independent frail the forced air 
heating syst ... 

f. The fan shall have a sane rating of 2.5 or leSi. 
g. The size of the fan shall comply with Table 9-2. 
h. The fan shall be hard-wired to a separate circuit 

breaker in the main electrical panel. 

SECTION 905 

RADON REDUCTION SYSTE" FOR BUILDIN6S MITH SLABS-ON-6RADE 

905.1 Purpou 

To provide a slab-on-grade systell that effectively reduces 
radon entry frail the soil beneath the slab by establishing a 
pressure gradient between the soil and the slab. 

905.2 Construction Require.ents. 

905.2.1 Slab Sealing. Perimeter cracks'and control 
joints shall be caulked. 
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905.2.2 Slab Holes. a. One three foot diameter hole 
in the slab shall be provided for every 300 to 700 square foot 
area, depending on the soil permeability. 

b. If the soil is of high permeability, a slab hole 
shall be provided for at least every 700 square foot area. If 
the soil is of low perleability, a slab hole shall be provided 
for at least every 300 square foot area. 

c. Each slab hole shall be located at least eight (8) 
feet in any direction frol any other slab hole. 

d. 
slab depth. 

Each slab hole shall fully penetrate the entire 

e. After the hole is lade in the concrete, the soil 
below shall be excavated to the diameter of the slab hole to a 
depth of 1 foot and filled with gravel to the level of the 
underside of the slab. A layer of asphalted building paper, b 
IiI polyethylene fill, or an approved equal shall be placed on 
top of the gravel fill in the hole to prevent concrete frol 
filling the air spaces in the gravel. 

f. A 4 inch Schedule 40 PVC pipe long enough to extend 
6 inches downward into the gravel and 2 inches upward above the 
top of the existing slab shall be inserted into the gravel. 

g. An even coat of epoxy sealant shall then be applied 
to the walls of each slab hole. A non-shrinking grout and 
bonding agent lixture shall be poured into the slab hole around 
the pipe and on top of the building paper to the level of the 
original slab floor before the epoxy sealant has cOlpletely 
cured. 

905.2.3 Piping. a. Piping used above the slab shall 
be four inch outside dialeter, Schedule 40 plastic sewer pipe, or 
approved equivalent. 

b. A pipe shall vertically penetrate the slab in each 
slab hole in conforlance with section 905.2.2 If) & (g). 

c. A finish bead of silicone shall be applied at all 
pipe/grout joints. 

d. A piping syste. shall connect all vertical pipes 
and be seal~d at the joints non-hardening sealant to like pipe 
sections to fori a continuous airflow path to the outside. 

905.2.4 Ventilation Fan Require.ents. a. An approved, 
listed exhaust fan, designed for continuous operation, with a 
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sane rating of no greater than four, and capable of loving at 
least 50 CFK of air against 0.5 inches of static water pressure 
shall be provided within each pipe systel. 

b. The direction of air flow in the slab-on-grade systel 
shall be dependent on soil perleability. If soil is of high 
perleability, air flow shall be directed frol the outdoor air 
into the slab system, thereby pressurizing the area under the 
slab. If the soil is of low perleability, ai~ flow shall be 
directed fro. the slab syste. into the outside air. 

c. All vertical pipes shall be connected and sealed to lie 
pipe sections to fori a continuous air flow path to the outside. 

d. All pipe sections shall be sealed at the joints with 
nonhardening sealant. 

e. Fans shall be hard-wired to a separate circuit breaker 
in the lain electrical panel. 

f. Exhaust fans shall be located on the exterior end of 
each pipe systel in order to facilitate reloval for laintenance 
or replacelent, and protected fro. the environlent and 
inadvertent hUlan contact. 

SECTION 906 

RADON REDUCTION SYSTE" FOR BUILDIN6S MITH,CRAMLSPACES 

906.1 PurpoSl! 

To provide crawlspace ventilation systel that will reduce 
the concentration of radon in the crawlspace. 

906.2 Construction Require.ents. 

906.2.1 Application Criteria. This syste. shall be 
developed only in buildings with a full or partial crawlspace. 
This litigation systel shall not be installed in hOles with 
crawlspace pienul heating syste.s. 

906.2.2 Crawlspace Isolation. a. All penetrations in 
the living space floor above the crawlspace shall be sealed. 

b. All ductwork located in the crawlspace shall be slaled. 
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c. All crawlspaces shall be sealed to be isolated fro. 
baselents, attached garages, or other adjacent enciosedspacis. 

906.2.3 Crawlspace Ventilation. 
shall co.ply with the Unifor. Building Code. 
installed at foundation vent openings to 
insulation frol interfering with air flow. 

A5 a .inilul, it 
Baffles shall be 

prevent underfloor 

906.2.4 Ventilating Fan Require.ents. 
be listed by an approved agency. 

a. Fans shall 

b. Fans shall have a 50ne rating of no greater than four. 

c. Each fan shall be capable of providing the liniaul flow 
rates as listed in Table 9-3. 

d. Fans shall be designed for continuous operation. 

906.2.5 Ventilating Fan 
ventilating fan shall be hard wired 
breaker in the aain electrical panel. 

Installation. a. A 
into a separate circuit 

b. Fans shall be oriented in such a way that airflow is 
drawn froa the outside of the crawlspace and delivered into the 
crawlspace or vice versl. The airflow direction AS the choice of 
the installer/hoaeowner. 

c. Where possible, fans shall be located in exterior 
foundation walls. A large enough crawl space opening shall be 
provided for aaintenance or replaceaent of the fan. 
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TABLE 9-1 
RADON KITIBATION REQUIREKENTS 

House Type 

Any 

Any 

Full 
Crawlspace 

Full 
Isolated 
Basellent 

Part Crawl
space, part 
basement 

All Others 

Regui r eunt 

No requirement. 

A whole house central 'ystell air 
to-air heat exchanger lIeeting the 
requirements of NWEC Standard No. 
25 shall be installed. 

Passive crawlspace ventilation of 1 
sq ft net free ventilating area per 
75 sq ft of floor area shall be 
installed. 

heat exchanger 
requirements of NWEC 

sized for the base.ent 

An air-to-air 
lIIeeting the 
Std 25 and 
area shall 
basellent. 

be installed in the 

Passive crawlspace ventilation of 1 
square foot of net free ventilating 
area per 75 square feet of floor 
area shall be installed in the 
crawlspace. The house shall then 
be re~.onitored for radon. If the 
re-monitored level does not exceed 
501. of the initial .onitored level 
then no additional action is 
necessary. If the re-.onitored 
level exceeds 50% then an air to 
air heat exchanger lIeeting the 
requirements. of NWEe Standard 125 
or a base.ent pressurization systell 
lIIeeting the requirements of Section 
904 or a sub-slab system .eeting 
the requirements of Section 905 
shall be installed in the base.ent. 

Heated Plenum CraNlspaces: If the 
house has a heated crawlspace used 
as a heating system pienull then 
ductwork shall be installed to all 
of the floor registers supplied by 
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Radon 
Reading 
(pCi /11 

greater than 
10 up to 20 

infinity 

APPENDIX 

TABLE 9-1 
RADON "ITIBATION REDUIRE"ENTS (CONTINUED) 

House Type 

All Others 
Continued 

Full 
CraNlspace 

Full Base
lent isolat
able 

Part Crul
space, part 
baselent 

All Others 

Regyiruent 

The craNlspace pienul. Passive 
craNlspace ventilation of 1 square 
foot of net free ventilating area 
per 75 square feet of floor area 
shall be installed in the 
craNlspace. 

All other Partial CraNlspaces: 
Passive craNlspace ventilation of 1 
square foot of net free ventilating 
area per 75 square feet of floor 
area shall be instilled in the 
craNlspace. The building shall 
then be relonitored for radon. If 
the re-Ionitored levels exceed SOX 
of the original lonitored level 
then a sub-slab systel leeting the 
require.ents of Section 905 shall 
be installed. 

An active craNlspace ventilation 
sYltee shall be installed. 

A Ilab on grade systel cOlplying 
Nith Section 905 shall be 
instilled. 

An active craNlspace ventilation 
sYltel leeting the require.ent of 
906 shall be installed and the 
house shall be re-Ionitored for 
radon. If the re-Ioni tared resul ts 
are leiS than or equal to 50X of 
the initial lonltored level, then a 
base.ent pressurization syste. 
lIIeeting the requirellents of Section 
904 or a slab on grade sYlte. 
lIIeeting the requirellents of Section 
905 shall be installed. 

Heated Pienul CraNlspaces: If the 
house has a heated craMlspace used 
as a heating syste. pienul then 
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Radon 
Reading 
(pCi/1) 

APPENDIX 

TABLE 9-1 
RADON "ITI6ATION REQUIRE"ENTS (CONTINUED) 

House Type 

All Others 
continued 

Reguiruent 

ductwork shall be installed to all 
of the fl~or registers supplied by 
the crawlspace pienul. A crawl
space ventilation systel aeeting 
the requirelents of Section 90b 
shall then be ~nstalled. 

All Other Partial Crawllpaces: An 
crawlspace ventilation systea aeet
ing the require.ents of section 90b 
shall be inltalled. The building 

(~ 
~ 

,.-" 
I 
'-" 

shall then be relonitored for ~ 
radon. If the reaonitored levels \ , 
exceed 504 of the original ~ 
lonitored level then a sub slab 
system leeting the requireaentl of 
section 905 shall be installed. 

/~ 

All other Slab Floors Wi thout ~ 
Crawlspaces: shall have a slab on 
grade sYltel leeting the 
requireaents of lection 905 
installed. 
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Table 9-2 
FAN IJZ'I FOR JAS'"'NT' PRESIURIZATION IVITI"I 

Area (si!. ft.) 

250 
500 
750 
1000 
1250 
1500 
1750 
2000 
2500 

·3000 
3500 

'bale.ant areas at 8' height. 
20.4 air change per hour capacity. 

Fl ow Rates CFHz 

25 
27 
40 
53 
07 
80 
93 
107 
133 
160 
187 

TABLE 9-3 

APPENDIX 

FAN FOR ACTIVE CRAMLSPACE VENTILATION SYSTE"S 

Flo .. Rate. For Various Cra .. l.pace Are •• And Average Height. (CFN) 

Area-sf 18" High 24" High 30" High ~o" High 
or less or lore 

250 25 25 25 25 
500 25 33 42 50 
750 38 50 02 75 
1000 50 07 83 100 
1250 02 83 104 125 
1500 75 100 125 150 
1750 88 117 140 175 
2000 100 133 107 200 
2500 125 107 208 250 
3000 150 200 250 300 
3500 175 233 292 350 
4000 200 207 333 400 
5000 250 333 417 500 
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CHAPTER 10 

OPTIONAL CALCULATION FOR CONNECTED INTERIOR LIGHTING BUDGET 

1001.1 General This calculation procedure may be used to 
deter.ine compliance with Section 505.3.2 of this code. It is 
intended to permit design flexibility in meeting special 
illumination needs sometimes found in office and sales areal. 
The interior budget calculated using this procedure may be used 
when approved by the Building Official. 

1001.2 Optional Calculation for "axiaua Interior Connected 
Lighting Load. The watts of the building's interior connected 
lighting load shall be no more than the maximum calculated in 
Section 1001.2.1. This section shall be used only if the plans 
and specifications submitted under this Code shaHS the occupancy 
and use in each space. 

1001.2.1 Calculate the maximum connected lighting load for 
lighting inside the building envelope as indicated beloH as a 
summation of Hattage allot.ents determined for individual areas, 
roo.s, and task locations in the building envelope as shoHn in 
'the required plans, based on the illuminance category and the 
room cavity ratio !RCR) calculated as shoHn in Equation 10.1. 

B Where: 

RCR = 5H!L ~ W)/LW •••••••••••••••• Equation 10.1 

RCR = 
H = 

L 
W = 

Room Cavity Ratio 
Vertical distance from Hark plane to 
lighting fixture (FT) 
Length of room (FT) 
Width of roo. (FT) 

1001.2.1.1 For offices the appropriate illuminance 
category for each area/activity shall be selected from the Office 
Lighting American National Standard Practice, ANSI/IES RP-l 1982. 

Spaces designated for illuminance category F and higher shall be 
identified on the plans and specifications submitted under this 
Code showing locations of individual tasks and eqUipment to 
provide illumination of those tasks. 

The illuminance category for visual task requirements selected 
for each task space shall not be based upon an incidental task or 
combination of tasks Hhich specify use of a given illu.inance 
category or higher Hhen the incidence of these tasks totals leiS 
than two hours per Harking day. 
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Selection of a higher level illulinance category to accollodAte 
poor quality tasks shall be perlitted only if tAsk quality cannot 
be ilproved. Task quality lay be ilproved if the equiplent or 
procedure that produces the poor quality task is controlled by 
the occupant. Tasks with quality that cannot be ilproved are 
generated outside of the control of the business of the occupant 
working with these tasks. a "poor qUAlity task" is A visual task 
that requires illulinance category "E" or greater and is due to 
choice of a writing or printing lethod that produces chAracters 
that are of slaller size or lower contrast than good quality 
alternatives that are regularly used in offices. Poor quality 
tasks include the following: 

Ditto copy 
Therlal copy, poor copy 
Xerography, 3rd generation or greater 
Therlal printer 
Ilpact printer, 2nd carbon or later 
Typed print, 2nd carbon or later 
Printing b pt type 
Handwritten carbon copies 
Handwritten *4 and harder pencil 

Exalples of good quality alternatives which are regularly used in 
offices and which aay be selected to replace one of the above 
poor quality tasks include: 

Hileograph and xerograph copy 
Ilpact printers with good ribbon 
Typed originals in 8 pt and larger type 
Handwritten originals in 12 pencil Dr pen 

1001.2.1.2 For retail and wholesale stores, the 
lighting power level for lerchandising and alsociated service 
areas of stores as defined in Table 1 of the Illulinating 
Engineering Society Publicatioo, "RP2" Recol.ended Practice for 
Lighting Merchandising Areas, shall be the Table 10-1 WAtts per 
square foot listed for the illu.inance categories shown in Table 
10-2. 

The watts per square foot value shall be deter.ined AS a 
weighted average of the Table 10-1 values based upon the actual 
nuaber of displays in each task area/throw distance category. 

In areas where IUlinaries lust be at or above 15 foot lounting 
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heights the allotaent lay be increased by the following 0 
.ultipl i ers: 

Required Hounting Height (feet) Multiplier 
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Required Houn·ting U~ighl: llest) 
15 
16 
17 
18 
19 
20 

Hultiplier 
1. 1::; 
1. 21 
1.47 
1. 65 
1. 84 
2.04 

APPENDIX 

Allotaent~ calculated for floor aounted displays and wall 
.ounted displays are separate and any excess wattage above what 
is actually installed for one .ay not be added to the allot.ant 
of the other. 

Areas established for deter.ining feature 
need not be excluded froa calculation of 
allotaent. Feature display allot.ents are 
gro~s sales area allotaent. 

Exceptions: 

display allot.ants 
gross sales area 

in addition to the 

1. If detailed docuaentation of actual areas with specific 
diaensions of al feature displays and each lueinaira 
designated for each of these displays is provided, the 
feature display allotaent eay be used up to a aaxiau. of 
10 percent of the gross sales area. 

2. If very valuable merchandise, not directly accessible to 
the custoler, is presented as feature displays in floor 
aounted, counter cases that are externally lighted froa 
above; an allot.ent of 20 watts per square foqt tiles 
the actual area of lighted case top ~ay be used. 
Detailed docuaentation on plans .ust show actual 
placeeent with specific di.ensions of enclosed counter 
display cases and each luainaire designated to provide 
lighting for each case. 

Note: Very valuable .erchandise includes: jewelry, 
rare coins, slall art objects and sieilar itees where 
selling involves custo.er.inspection of very fine detail 
frol outside of a locked counter case. 

Office spaces in retail buildings shall have lighting power 
allot.ents based upon provisions of 1001.2.1.1 above. 

1001.2.1.3 For spaces in either office or retail 
buildings which are not covered by provisions of Section 
1001.2.1.1 Dr (2) above, the appropriate illuainance category 
shall be selected fro. the IES Lighting Handbook, 1981 Reference 
Voluae, Appendix A, Figure 2-2. 
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1001.2.1.4 Calculate the allotted watts for each space 
by lultiplying the square feet of area by the watts per square 
foot value for the selected illulinance categories A, a, C and D, 
the entire space is allotted the designated watts per square foot 
value for the category. For illuminance categories E and F, a 
task oriented lighting allotlent at the designated watts per 
square foot value for the category is allowed a general lighting 
allotlent at one-third the designated watts per square foot value 
for the category. For illulinance categories 6, H and I, the 
allotted w~tts per square foot value for the category shall be 
allowed for only the actual task area as shown on the plans. For 
illulinance categories A through F, if .alues frol RCR coluans 
"RCR 3.5 to 7+" are used, calculation of the RCR shall be lade 
froa Equation" 10-1. 

1001.2.1.5 Th~ total allotted watts shall be deterained 
as the ~ulaation of allotted watts for all A, B, C, D, E and F 
illulinance category spaces plus either the allotted watts or 
actual design watts, whichever is slaller, for each a, H and I 
illuainance category space. 

1001.2.1.6 Hultiple allotaents for the sale space are 
allowed if two or lore distinctly different lighting syste.s are 
required for lultiple use of the space and are independently 
circuited and interlocked to perlit only one systel to be 
operated at a tile. 

1001.2.2 Lighting Controll. For the purpose of 

c 

(;. 
~ 

c 

c 
de.onstrating co.pliance with Section 1001.2.1 above, the .design C 
lighting watts of the building lay be adjusted for lighting 
controls in actordance with Equation 10.2. 

Equation 10.2 

ACLL • ~T~)(PSAF.) - (CW2 )(PSAF2 ) - ttt - (CWn)(PSAFn)l 
CFA 

Where 

ACLL 
WT 

CW .. ,2, ...... ,n 

PSAF 1 • 2 ••••• n 

CFA 

= adjusted connected lighting load 
= total lighting watts in building 

watts of lighting in space 1,2, ••• ,n 
with controls as specified in Table 
10-3. 
power savings adjustlent factor for 

space 1,2, ..• ,n, as specified in Table 
10-2 

= conditioned floor area of the building 
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Table 10-1. WATTS PER SQUARE FOOT VALUES APPLICABbE 
TO OFFICES. RETAIL • WHOLESALE STORES 

Watt Per Square Foot 
Illuminance RCR RCR RCR See 

Category** o to 3.5 3.5+ to 7 7+ Note 
A(31 

B(7.S1 

C (151 

D(301 

E(7S1 

F(IS01 

.2 

.4 

.0 

1.2 

2.8 

5.0 

Task Area 
{ 2 ft2 
or 

Throw Dishnce* 
> 8 ft 

.3 

.5 

.B 

1.5 

3.0 

6.0 

Task Area 
L 2 ft2 

.4 

.B 

1.2 

loB 

4.7 

10.1 

8(3001 
H(7S01 
1(1,5001 

20 
63 
130 

13 
33 
05 

1 
1 
1 

I "Throw Distance" is defined as distance, doculented on plans, 
between lUlinaire and center of lighted plane on a feature 
display. 
1* NUlbers in parentheses are the lid-range footcandle levels for 
the illulinance category. 

NOTES TO TABLE 10-1: 

1. Haxilul connected lighting load for these tasks 
shall be based on a combination of general and task
oriented lighting. Lighting for these tasks or retail 
feature displays shall be obtained by local lighting, 
and shall be confined to the specific task area, which 
shall be described. For store feature displays, each 
feature display and identification of its lighting 
equipment shall be shown on plans. Any lighting power 
allot.ent deterlined for these tasks, that ii lore than 
the lighting power level actually installed, shall not 
be applied to other task areas. 
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TABLE 10-2 

Area or .Tuk Designate as 
Illulinance. Category 

Gross Sales Area 1 ••••••• 0 
Valance2 •••••••••••••••••• F 
Feature Displays3 ••••••••• B 
Show Windows •••••••••••••• 6 
All Others •••••• see Section 1001.2.1.3 

FOOTNOTES TO TABLE 10-2: 
1. Bross sales area equals the total of eerchandise, display, 

sales transaction, fitting rooe and associated circulation and 
entry areas. 

2. Valance lighting is defined, for the purpose of 
deter.ining its power allotaent, as a systel of luainaries 
arranged to provide accent lighting power illulination along a 
wall surface. The valance lighting power allotlent equals the 
t~sk-Driented watts per square foot- value shown for illulinance 
category F and RCR ° to 3.5 eultiplied by the area forled by 
eultiplying a two foot wall surface widlh tiles the florescent 
lUlinaire length. This is equivalent to 10 watts per linear foot 
tiees the fluorescent lUlinaire length. 

Detailed dieensioned doculentation on plans lust be shown when 
an alloteent is taken for eore than one tier of. valance 
lUlinaries. To qualify as a separate tier, a IlnllUI of 2 feet 
vertical separation between valances lust exist. For valance 
lighting systeas using other than fluorescent types of 
lueinaries, the area used for ·the alloteent shall be calculated 
as the length of accented wall tiles a two foot wall surface 
width. 

3. Feature display is defined as an itee or itels requiring 
special highlighting to visually attract attention and set apart 
froe the surrounding area. Such itees in stores larger than 
1,000 square foot are not a part of lerchandise directly 
assessable to custoaers. 

The lighting power alloteent for feature display shall be: 

(~ 
,-/ 

r: . .J 

c 

c 
(~ 
----/ 

-, 
('-" 

a. The greater of 1000 watts or the wattage deter.ined by n 
lultiplying the Table 10-1 watts per square foot value tiles 5 ~ 
percent of the gross sales area; an 
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FOOTNOTES 10-2 CONTINUED 

b. Where lighting is provided for wall lounted feature 
displays, a separate additional allot.ent equal to the wattage 
deterlined by aultiplying the Table 10-1 watts per .quare foot 
value tiaes 10 percent of the total wall area in the gross 
sales area, excluding fitting rooas. When valance lighting is 
installed, the wall display allot.ent calculation shall 
exclude an area equal to the valance length tiaes six feet for 
the first tier and tiles two feet for subsequent tiers of 
valance. 
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TABLE 10-3 ADJUST"(NT FACTORS FOR SPECIAL LI6HTIN6 CONTROLS' 

Control Type Power Savings 
Adjustment Factor 2 

Occupant-Sensing 
Devices:S· S 

Daylighting Controls 4 • s 
Continuous Di.lling 
Stepped Controls 

Prograll.able Tilling 
Controls7 

lUlLen Maintenance Controlss 

0.30 

0.30 
0.20 

0.15 

0.10 

Daylighting Controls 4 • s 0.44 
with Occupant Sensing Devices 

Occupant Sensing Devices:S· s 0.37 
with LUllen Maintenance Controls 

FOOTNOTES TO TABLE 10-3: 

Applicabh 
Building Spaces(s) 

Any single space up 
to 250 squar.e feet 
and enclosed by 
ceiling height 
partitions; 
c1assrooll, 
conference rOOIS, 
cOllputer rooll., 
storage areas, 
corridors or waiting 
rOOls. 

Any daylit space· 

Any space 

Any space 

Any single space up 
250 square feet 
within daylit spaces 
and enclosed by 
ceiling height 
partitions 

Any single space up 
to 250 square feet 
and enclosed by 
ceiling height 
partitions 

1. Adjustllent factor shall be allowed for tontroll required 

(~ 
~ 

~ 
I . .-.J 

c 

c 
(~ 
,~/ 

(~ 
---./ 

under provisions of Section 505.4. Dimlling cantrall of 0 
incandescent lallps or IUlLinaries shall not qualify. 
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2. Except as shown, only one adjustlent factor. lay be used for 
each building space or luminaire, and 50X or lore of the 
lueinaire shall be within the applicable space to 
qualify fnr the power savings adjustment factor. 
These controls must be installed in series with the 
lights and in series with all aanual switching 
devices in order to qual~fy for an adjusteent factor. 

3. To qualify for the power savings adjustment factor, 
occupant-sensing device shall leet the criteria to Section 
505.4.1.2. Separate sensors and switching lust be provided 
for each enclosed space or area. 

4. Oaylighting controls shall be able to reduce electric power 
consumption for the controlled lighting to 50 percent or 
less of maxilul power consumption, shall control all 
IUlinaries delivering lore than 50 percent of its light 
output to surfaces outside daylit spaces. 

5. Lighting controls shall leet the requirelents of Section 
505.4. 

6. The daylit space lust be illulinatedby either: 

A. Glazing in walls lore than 3 feet in vertical extent 
with its highest edge 4 or lore feet above the floor of 
the daylit area; or 

B. Glazing in roofs with sash, 2 square feet or lore in 
area. 

7. Progralmable tiling controls used for credit in conjunction 
with Table 10-2 must be capable of: 

A. Progralming different 
weekends; and 

schedules for weekdays and 

B. Telporary overrides by occupant with automatic return to 
the original schedules. Override controls .hall be 
readi~y accessible; and 

C. Providing 
which is 
505.4.1.2 
505.4.1.5 

independent control of each lighting load 
required to be separately controlled Section 
does not apply and provisions of Section 

lust be lit. 
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FOREWORD 

The development of this "Northwest Energy Code" which are 
amendments to the Model Energy Code, 1986 edition, was sponsored 
by the Bonneville Power Administration (BPA). Information on 
this document may be obtained from BPA, PO Box 3621, Portland, OR 
9720B. 

This document contains deletions to the Council of American 
Building Officials' (CABO) Model Energy Code (MEC), 1986 Edition 
as well as additional requirements. A copy of the MEC can be 
obtained from CABO at 1201 One Skyline Place, 5205 Leesburl Pike, 
Falls Church, Virginia 22041, telephone (703)931-4533; 
International Conference of Building Officials (ICBO) 5360 South 
Norkman Mill Road, Whittier, CA 90601; or Northwest Regional 
Office ICBO, 12505 Bellevue-Redmond, Suite 208, Bellevue, WA 
9B005,·telephone (206)451-9541; 

This code has been designed to be as compatible as possible 
with state and local regulations and is intended to be for those 
who want a document designed as a complete energy code chapter in 
t he Uniform Building Code. A related document has been prepared 
by BPA and is available from the Northwest ICBO Regional Office. 

DISCLAIMER 

The Bonneville Power Administration acknowledges that although 
these amendments are based on The Model Energy Code, 1986 
edition, published and copyrighted bv CABO, the technical 
requirements contained therein ARE NOT THE SAME AS THE MODEL 
ENERGY CODE and are NOT based on a national consensus. 

The provisions of this code do not consider the efficiency of 
various energy forms as they are delivered to the building 
envelope, i.e., delivered energy efficiency. The appropriate 
factor for delivered energv--efficiency should be considered 
prior to the selection of the mechanical, electrical. 
illUmination systems, and energy form for specific uses. A 
determination of delivered energy efficiencies when used in 
conjunction with this code will provide the mOJt efficient use of 
available energy in new building construction. 
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'CHAPTER 53 
ENERGY CONSERYATION REQUIRE"ENTS 

Sec. 5301. (al Intent. The provisions of this chapter shall 
regulate'the design of building envelopes for adequate thermal 
resistance and low air leakage and the design and selection of 
mechanical, electrical, service water heating and illumination 
systels and equipment which will enable effective use of electric 
energy in building construction. 

It is intended that these provisions provide flexibility to 
permit the use of innovative approaches and techniques to achieve 
effective utilization of electric energy. These provisions are 
structured to permit compliance with the intent of this code by 
anyone of the four paths of design: 

1. A systels approach for the entire building and its energy-
using subsysteMs,section 5304; 

2. A cOlponent performance approach for various building 
elements and mechanical systems and cOIPonents, section 5305; or 

3. A prescriptive requirements approach, section 5306; or 
4. A component point system approach. section 5307. 
Subject to the limits which apply to each section, compliance 

with anyone of these paths meets the intent of this code. 
(bl Scope. This section sets forth minilum requirements for 

the design of new buildings and structures or portions thereof 
and additions, alterations and repair to existing buildings that 
provide facilities or shelter for public assembly, educational, 
business, lercantile, institutional, storage and residential 
occupancies, as well as those portions of factory and industrial 
occupancies, designed primarily for human occupancy by regulating 
their exterior envelopes and the selection of their HVAC, service 
water heating, electrical distribution and illuminating systems 
and equipment for effective use of electric energy. 

EXCEPTIONS: Buildings and structures or portions 
thereof leeting any of the following criteria shall be 
exeMpt from the building envelope requirements of 
Sections 5305 (bl, 5306(bl and 5307(bl. However, the 
energy uses from all sources shall be included in any 
a~alysis performed pursuant to section 5304: 

1. Buildings and structures or portions thereof whose 
peak desiQn rate of energy usage is less than 3.4 Btuth 
per square foot or 1.0 watt per square f~ot of floor area 
for space conditioning requirements. 

2. Buildings and structures or portions thereof which 
are neither heated or cooled according to the definitions 
in section 5301 (e). provided that any space heating 
equipment which is installed complies with all uf th. 
following criteria: 



1987 NItEC 5301 

(a\ Sized for a maximum interior design temperature oi 
less than 50 degrees F. 

'(b) Equipped with 
manufactured to have a 
SOoF or 1 ess. 

thermostatic control which is 
~aXlmum temperature setting of 

Those parts of lighting systems which are altered Dr replaced 
in buildings initially constructed to the requirements of this 
code shall tomply with Section 5305 (e) 4. In addition, other 
remodels or replacements which affect the lighting system of a 
floor shall also comply with the lighting power budgets specified 
in Section 5305 (e) 3. 

(c) "aterials and Equipment. 1. Identification. Materials 
and equipment shall be identified in order to show compliance 
with this code. 

2. ~aintenance Infor.ation. Required regular maintenance 
actions shall be clearly stated and incorporated on a readily 
accessible label. Such label may be limited to identifying. by 
title or publication number, the operation and maintenance manual 
for that particular model and type of product. Maintenance 
instructions ~hall be furnished for equipment which requires 
preventatiYe maintenance for efficient operatibn. 

(d) Plans and Specifications. 1. General. With each 
application for a building permit, and when required by the 
building official, plans and 5pecifications shall be submitted. 
The building official may require plans and specifications to be 
prepared by an engineer or architect licensed to practice by the 
state. (Designs su~mitted under the provisions of section 5304 
for other than low rise R-3 occupancies shall be prepared by an 
engineer or architect licensed to practice by the state.) 

2. Details. The plans and specifications shall show in 
sufficient detail pertinent data and features of the building and 
the equipment and systems as hereIn governed, including, but not 
limited to: design criteria, exterior envelope component 
materials, U values' of the envelope systems, R values of 
insulating .at~rials, size and type of apparatus and equipment, 
equipment and systems controls and other pertinent data to 
indicate conformante with the requirements of the code. 

(e) Definitions. For the purposes of this chapter, certain 
abbreviations, lerms, phrases, word5 and their derivatives, shall 
be as foll~ws: 

ACCEPTED ANALYSIS "ETHODS. Heating/cooling and lIghting load 
calculations performed in accordance with the most curr~nt 
procedures developed by a nationallv recognized professional 
organization and approved by the Building Official. 

ACCESSIBLE (as applied to equipment). Admitting close approach 
because not guarded by locked doors, elevation or other effective 
means. (See READILY ACCESSIBLE.) 
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ADVANCED FRA"ING. 
amount of uninsulated 
structural support. 

5301 (e) 

Framing techniques used to minimize the 
material that is not required for proper 

AIR CONDITIONING, CO"FORT. The process of treating air to 
contr~l simultaneously its temperature, humidity, cleanliness and 
distribution to meet requirements of the conditioned space. 

AIR TRANSPORT FACTOR. The ratio of the rate of useful sensible 
heat removal from the conditioned space to the energy input to 
the supply and return fan motor(s), expressed in consistent units 
and under the designated operating conditions. 

AUTO"ATIC. Self-acting, operating by its own mechanism when 
actuated by some impersonal influence, as for example, a change 
in current strength. pressure, temperature or mechanical 
configuration. (See "ANUAl.1 ' 

BELOW GRADE MAllS. Walls or the portion of walls which extend 
two feet or more below the finish grade. , 

BOllER CAPACITY. The rate of heat output in Btu/h measured at 
the boil~r outlet, ~t the design inlet and outlet conditions and 
rated fuel/energy input. 

BUILDING ENVELOPE. The elements of a building which enclose 
'conditioned ,spaces through which thermal energy may be 
transferred to or from the exterior or to or from spaces exempted 
by the 'provisions of Section 101.3.1. 

BUILDING PROJECT. A building or group of buildings, including 
on-site energy conversion or electric-generating facilities, 
which utilize a single submittal for a construction permit or are 
within the boundary of a contiguous area under one ownership. 

CLERESTORY. A window placed in a wall projecting from a roof 
plane at sixty (60) degrees or more from the horizontal to admit 
daylight into the interior of a building. (See Skylight.) 

COEFFICIENT OF PERFOR"ANCE (COP). See the following paragraphs 
in Chapter 5 for the definitions of COP as appropriate: 

Electrically Operated HVAC System Equipment--Coolinq 5305 (c) 
40 (j i) 

Applied HVAC Syste~ Components--Cooling 5305 (c) 4E(i) 
Heat Pump--Heating 5305 (c) 4B(ii) 
CO"FORT ENVELOPE. The' area on a psvchrometic chart enclosing 

all,those conditions described in Standard RS-4, ~igure No.1, as 
being comfortable. 

CONDITIONED FLOOR AREA. The 
portion of interioi space which 
walls and which is conditioned 
e~ergv-using system. 

horizontal projection of that 
is contained within exterior 
directly or indirectly by an 

CONDITIONED SPACE. All spaces whith are provided with heated 
and/or cooled air or which are maintained at temperatures over 50 
degrees F during the heating season, including adjacent connected 
spaces separated by an uninsulated component (e.g •• basements, 
utility rooms, garages, corridorsi. 

3 
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CONTINUOUS AIR BARRIER. ft system of materials installed during 
construction that is designed to effectively minimize the 
transfer of air to or from the conditioned space though 
unintentional openings in the building envelope. 

COOLED SPACE. Space within a building which is provided with a 
positive cooling supply. 

DEADBAND. The temperature range in which no heating or cooling 
is used. 

DEGREE DAY, HEATING. A unit. based upon temperature difference 
and time. used in' estimating fuel consumption and specifying 
nominal heating load of a building in winter. For anyone day 
when the mean temperature is less than 65 degrees F there exist 
as many degree days as there are Fahrenheit degrees difference in 
temperature between the mean temperature for the day and 65 
degrees F. 

EFFICIENCY, HVAC SYSTEK. The ratio of useful energy (at the 
point of use) to the energy input for a designated time period, 
expressed in percent. 

ENERGY. The capacity for doing worK; taking a number of forms 
,which may be transformed from one into another, such as thermal 
(heat), mechanical (work), electrical and chemical; in customary 

'units, measured in kilowatt-hours (kWh) or British thermal units 
(Btu). (See NEW ENERGY.) 

EN ERG V EFFICIENCY RATIO (EER). The ratio of net equipment 
tooling capacity in Btu/h to total rate of electric input in 
watts under deSignated operating conditions. 

ENERGY, RECOVERED. (See RECOVERED ENERGY.) 
EXTERIOR ENVELOPE. (See BUILDING ENVELOPE.) Floor over 

unconditioned space (enclosed).' Floor over unconditioned space 
(exposed). 

FLOOR OVER UNCONDITIONED SPACE (ENCLOSED). A floor which 
separates a conditioned space 
is buffered from exterior 
crawlspaces and unconditioned 

FLOOR OVER UNCONDITIONED 

from an unconditioned space which 
ambient conditions including vented 
basements or other similar spaces. 
SPACE (EXPOSED). A floor which 

separates a conditioned space from an unconditioned space exposed 
to exterior ambient conditions including open parking garages and 
enclosed garages which are mechanically ventilated. 

F-VALUE. The perimeter heat 1055 factor expressed in Btu/h-F 
GROSS FLOOR AREA. The sum of the areas of the several floors 

of the building, Including basements, cellars, mezzanine and 
intermediate floored tiers and penthouses of headroom height. 
measured from the exterior faces of exterior walls or from the 
center line of walls separating buildings. but excluding: 
Covered walkways, open roofed-over areas. porches and similar 
spaces. Pipe trenches, .xterior terraces or steps, chimneys. 
roof overhangs and similar features. 
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GLAZING. All areas. including the frames; in the shell of a 
conditioned spate that let in natural light including windows, 
clerestories, skylights, sliding or swinging glass doors and 
glass brick' walls. 

GLAZING AREA. TotaJ area of the glazing measured using the 
rough opening. and .including the glass. sash, and frame. 

GROSS EXTERIOR IIALL AREA.' The normal project,ion of the 
building envelope wall area bounding interior space which is 
conditioned by an energy-using system; includes opaque wall, 
window and door areas. 

The gross area of walls consists of all opaque wall areas, 
including foundation walls, between floor spandrels, peripheral 
edges of floors, window areas including sash. and door areas, 
where such surfaces are exposed to exterior ambient conditions 
and enclose a conditioned space including interstitial areas 
between two such spaces. 

GROSS ROOF/CEILING AREA. The sum of the areas of the 
roo~/ceiling assembly, consisting of the total interior surface 
area of all elements, including skylights, which enclo~e a 
conditioned space. 

HEAT. The form of energy that is transferred by virtue of a 
temperature difference. 

HEAT STORAGE CAPACITY. The physi~al property of materials 
(~assl located inside the building envelope to absorb, store, and 
release heat. 

HEATED SPACE. Space within a building which is provided with a 
positive heat supply to maintain a temperature of greater than 
50°F. Finished living space within a basement or registers or 
heating devices designed to supply heat to a basement space shall 
automatically define that space as heated space. 

HEATING SEASON PERFOR"ANCE FACTOR (HSPFI. The total heating 
output (in Btu) of a heat pump during its normal annual usage 
period for heating divided by the total (watt hour) electric 
power input during thesaee period. as determined by test 
procedures consistent with the U.S. Department of Energy "Test 
Procedure for Central Air Conditioners, Including Heat Pumps· 
published in the December 27, 1979, Federal Register, Vol 44, No. 
24, IOCFR. 430. When specified in Btu per watt hour an HSPF of 
6.B26 is equivalent to an HSPF of 2.0 watt hour per watt hour. 

HU"IDISTAT. A reQuJatory device. actuated by chanQes in 
humidity, used for automatic ~ontrol of relative humidity. -

HYAC. Heating. ventilatinQ and air conditioning. 
HYAC SYSTE" CD"PDNENTS. HVAC system components provide, in one 

or more factory-assembled packaQes, means for chilling and lor 
heating water with controlled temperature for delivery to 
terminal units serving the conditioned spaces of the buildings. 
Types of HVAC system components include, but are not limlted to, 
water chiller packages, reciprocating condensing. unlts and water 
source (hydronic) heat pu~ps. (See HYAC SYSlE" EQUIP"ENT.) 

HYAC SYSTE" EFFICIENCY. (See EFFICIENCY, HYAC SYSTE".) 
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HVAC SYSTEK EQUIPKENT. HVAC system equipment provides, in one 
single package) or more (solit system) factory-assembled 
packages, means for air circulation, air cleaning, air cooling 
with controlled temperature and dehumidification; and optionally, 
either alone or in combination with a heating olant, the 
functions of heating and humidifying. The cooling function may 
be either. electrically or heat operated and the refrigerant 
condenser may be air, water Dr evaporatively cooled. Where the 
equipment is provided in more than one package, the separate 
packages shall be designed by, the manufacturer to be used 
together. The equipment may provide the heating function as a 
heat pump or by the use of electric elements. (The word 
"equipment" used without modifying adjective may, in accordance 
with common industry usage, ~pply either to HVAC system equip~ent 
Dr HVAC system components.) 

ILLUKINATION. The d~nsity of the luminous flux incident on a 
surface; it is the quotient of the luminous flux by the area of 
the surface when the latter is uniformly illuminated. 

INFILTRATION. The uncontrolled inward air leakage through 
cracks and interstices in any building element and around windows 
and doors of a building caused by the pressure effects of wind 
and/or the effect of differences in the indoor and outdoor air 
density. 

LOll-RISE BUILDING. A building not exceeding three stories in 
height. 

LUKINAIRE. A complete lighting unit consi~ting of a lamp Dr 
lamps together with the parts designed to distribute the light, 
to position and protect the lamps and to connect the lamps to the 
electric power supply. 

KANUAL. Capable of being operated by personal intervention. 
(See AUTOKATIC.) 

NEil ENERGY. Electric energy, other than recovered energy, 
utilized for the purpose of heating Dr cooling. (See ENERGY.) 

OPAQUE ENVELOPE AREAS. All exposed areas of a building 
envelope which enclose conditioned space, except openings for 
windows, skylights, doors, glazing and building service systems. 

OPERABLE IIINDOIi INSULATION. Movable window covers of 
insulating material which have means to create an edge fit better 
than' a loose fit (i.e., interlocking edge, cushion seal, 
mechanical. or ~agnetic seal! and with a minimum thermal 
resistance of R-S. 

OUTDOOR AIR. Air taken from the outdoors and, therefore, not 
previously circulated through the system. 

PACKAGED TERKINAL AIR CONDITIONER. A factory-selected 
combination of heating and cooling components, assemblies Dr 
sections intended to serve a room or zone. (For the complete 
technical definition, see Standard RS-10.) 
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PACKAGED TER"INAL HEAT PU"P. A factory-selected combination of 
heating and cooling components! assemblies or sections intended 
for application in an individual room Dr zone •. (For the coaplete 
technical definition, see Standard RS-21.1 

PER"EANCE (perml. The ability of a material of specified 
thickness to transait moisture in terms of amount of moisture 
transmitted per unit time for a specified area and differential 
pressure (grains per hour-ft 2 -in.H6). Permeance may ~e measured 
using ASTM E-96-72 Dr other approved dry cup method as specified 
in RS-l. 

POSITIVE COOLING SUPPLY, Mechanical cooling deliberately 
supplied to a space, such as through a supply register. Also, 
mechanical cooling indirectly supplied to a space through 
uninsulated surfaces of space-cooling components, such as 
evaporator coil cases and cooling distribution systems which 
continually maintain air teaperatures within the space of BS 
degrees F or lower during normal operation. To be considered 
exempt from inclusion in this definition, such surfaces shall 
comply with the insulation requirements of this code. 

POOL COVER. A vapor-retardant cover which lies on Dr at the 
surface of the pool. 

POSITIVE COOLING SUPPLY. Mechanical cotlling deliberately 
supplied to a space, such as through a supplY register. Also, 
mechanical cooling indirectly· supplied to a space through 
~ninsulated surfaces of space cooling components, such as 
evaporator coil cases and ~ooling distribution systems which 
continually maintain air temperatures within the space of 85 
degrees F, Dr lower during normal operation. To be considered 
exempt from inclusion in this definition, such surfaces shall 
comply with the insulation requirements of this code. 

POSITIVE HEAT SUPPLY. Heat deliberately supplied to a space by 
design, such as a supply register, radiator or heating element. 
Also, heat indirectly supplied to a space through uninsulated 
surfaces of service water heaters and space heatlng components, 
such as furnaces, boilers and heating and cooling distributi~ns 
systems which continually maintain air temperature within the 
space of 50 degrees F or higher during normal operation. To be 
considered exempt from inclusion in this definition. such 
surfaces shall comply with the insulation requirements of this 
code. 

POWER. The rate at which electric enerov is transmitted. in 
customary units, mea~ured in watts (W) or British thermal units 
per hour (Btu/hi. 

POWER FACTOR. The ratio of the true power (watts) to the 
apparent power (volts ti.es amperes), the cosine of the angle of 
lag between the alternating current and the voltage waves. 

PUBLIC FACILITY REST ROO". A rest room used by the transient 
public on a regular (rather than casual) bases. Examples include 
rest rooms in service ~tations, airports, train ter~inats and 
convention halls. Rest rooes incorporated with private guest 
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rooms in hotels, motels or dormitories and rest room facilities 
intended for the use of employees and not usually used by the 
general public are not considered public facility rest rooms. 

R-YALUE. Thermal resistance as me.sured in degrees F-ft2-
hr/Btu. Nominal R-Value shall mean thermal resistance of 
insulation (excluding structural or sheathing components) as 
specified by the manufacturer according to recognized trade and 
engineering standards or approved equal. 

READILY ACCESSIBLE. Capable of being reached quickly for 
operation, renewal or inspections, without requiring those to 
w.hom ready access is requisite to climb over or remove obstacles 
or to resort to portable ladders, chairs, etc. (See ACCESSIBLE.) 

RECOOLING. The removal of heat by sensible cooling of the 
supply air (directly or indirectly) that has been previously 
heated above the temperature to which the air is to be supplied 
to the conditioned space for proper control of the temperature of 
that space. 

RECOYERED ENERGY. Energy utilized which wouid otherwise be 
wasted (i.e. not contribute to a desired end use) from an energy 
utilization system. 

REHEAT. The application of sensible heat to supply air that 
has been previously cooled below the temperature of the 
conditioned space by either mechanical refrigeration or the 
introduction of outdoor air to provide cooling. 

RESET; Adjustment of the set point of a control instrument to 
a higher or lower value automatically or manually to conserve 
.energy. 

ROOF/CEILING ASSE"BLY. A roof/ceiling assemblv shall be 
considered as all components of the roof/ceiling envelope through 
which heat flows, thus creating a building transmission heat loss 
or gain, where such assembly is exposed exterior ambient 
conditions to and encloses a conditioned space. 

The gross area of a roof/ceiling assembly consists of the total 
interior surface of such assembly·, including skylights. 

ROO" AIR CONDITIONER. A packaged assembly designed as a.unit 
primarily for mounting in a window or through a wall, or as a 
console, and designed to provide free delivery of conditioned air 
to an enclosed space, room or zone. It includes a prime source 
of refrigeration for cooling and dehumidification and means for 
circulating and cleaning air. and may also i~clude means for 
ventilating and heating. 

SEQUENCE. A consecutive series of operations. 
SERVICE SYSTE"S. All enerqy-using systems. in a building that 

are operated to provide services for the occupants or processes 
housed therein, including HVAe, service water heating, 
illumination, transportation, cooking or food preparatlon, 
laundering or similar functions. 

SERVICE MATER HEATING. Supply of hot water for domestic or 
co~mercial purposes other than comfort heating. 
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SERVICE IIATER HEATING DE"AND. The maximum design rate of 
energy withdrawal from a service water heating system in a 
designated period of time (usually an hour Dr a day). 

SHADED. Glazed area which is externally protected from direct 
solar radiation by use of devices per.anently affixed to the 
structure or by an adjacent building, topographical feature, or 
vegetation. 

SLAB-ON-GRADE t EXTERIOR. Any portion of a slab floor in 
contact with the ground which is less than or equal to 24 inches 
below the final elevation of the nearest exterior grade. 

SLAB-BELOII-GRADE. Any portion of a slab floor in contact with 
the ground which is more"than 24 inches below the final elevation 
of the nearest exterior grade. 

SOLAR ENERGY SOURCE. Source of natural davlighting and of 
thermal. che.ical Dr electrical energy derived directly from 
conversion of incident solar radiation. 

STANDARD FRA"ING. All framing practices not defined as 
"advanced" shall be considered standard. 

SYSTE". A combination of central or terminal equipment or 
components and/or controls, accessories. interconnecting means, 
and terminal devices by which energy is transformed so as to 
perform a specific function, such as HVAC, service water heating 
or illumination. 

TER"INAL ELE"ENT. The means by which the transformed energy 
frol a system is finally delivered; i.e. registers, diffusers. 
lighting fixtures, faucets and similar elements. 

THER"OSTAT. An automatic control device actuated bv 
temperature and designed to be responsive to temperature. 

THER"AL CONDUCTANCE (C). The thermal transmission in unit time 
through unit area of a particular body or assembly having defined 
surfaces when the unit average temperature is established between 
surfaces (Btu/hr ft Z F). 

THER"AL RESISTANCE (RI. The reciprocal of thermal conductance 
(hr ftz F/Btu). 

THER"AL TRANS"ITTANCE (UI. The coefficient of heat 
transmission (air to air). It is the time rate of heat flow per 
unit area and unit temperature difference between the warm side 
and cold side air films (Btu/hr-ft z of). The U- value applies to 
fractional combination~ of different materials used in series 
along the heat flow path. 

THER"AL TRANS"lTTANCE, OVERALL IU.I. The overall (average) 
heat transmission of a gross area of the exterior building 
envelope (Bfu/hr-ft Z -F). The U_ value applies to the combined 
effect of the time rate of heat flows through the various 
parallel paths, such as windows, doors and opaque construction 
areas, comprising the gross area of one or more exterior building 
components, such as walls, floors or roof/ceiling. 

TRANS"ISSION COEFFICIENT. The ratio of the solar heat gain 
through a glazing system to that of an un shaded single pane of 
double strength window glass under the same set of conditions. 
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UNITARY CODLING AND HEATING EQUIP"ENT. One or more iactory-
aade assemblies which include an evaporator or cooling coil, a 
compressor and condenser combination, and may include a heating 
function as well. Where such equipment is provided in more than 
one assembly. the separate assemblies shall be designed to be 
used together. 

UNITARY HEAT PU"P. One or aore factory-made assemblies'which 
include an indoor conditioning coil, compressor(s) and outdoor 
coil or refrigerant-to-water heat exchanger. including means to 
provide both heating and cooling functions. When such equipment 
is provided in aore than one assembly, the separate assemblies 
sh~ll be designed to be used together. 

VAPOR RETARDER. A layer of low moisture transmissivity 
material (not more than 1.0 perm dry cup) placed over the warm 
side (in winter) of insulation, over the exterior of below grade 
walls, and under floors as ground cover to limit the transport of 
water' and water vapor' through exterior walls. ceilings, and 
floors. 

VAULTED CEILINGS. All ceilings where enclosed joist or rafter 
space is formed bv ceilings applied directly to the underside of 
roof joists or rafters. 

VENTILATION. 'The process of supplying or removing air by 
natural or mechanical means to or from any space. Such air may 
or may not have been conditioned. 

VENTILATION AIR. That portion of supply air which comes from 
outside (outdoors) p1us any recirculated air that has been 
treated to maintain the desired quality of air within a 
designated space. (See Table 53-A, Section 5303 of this code, 
and definition of OUTDOOR AIR.) 

WALLS (exterior): Any member or group of members which defines 
the exterior boundaries or courts of a building and which have a 
slope of 60 degrees or greater with the horizontal plane, and 
separates conditioned from unconditioned space. Band joists 
between floors are to be considered a part of e~terior walls. 

WATER-CHILLING PACKAGE OF ABSORPTION. A factory-designed and 
prefabricated assembly (not necessarily shipped as a single 
package) of one or more condensers, evaporators (water coolers), 
absorbers and generators with interconnections and accessories 
used for chilling water. 

WATER-CHILLING PACKAGE, CENTRIFUGAL DR ROTARY. A factory-
designed and prefabricated assembly (not' necessarily shipped as 
one package) or one or more centrifugal or rotary compressors, 
condensers and water coolers (evaporators) with interconnections 
and accessories used for chilling water. 

WATER-CHILLING PACKAGE, RECIPROCATING. A factory-designed and 
prefabricated assembly, self-contained or condenserless, of one 
or more reciprocating compressors. condenser (self-contained 
only), water coolers levaporator) and interconnections and 
accessories used for chilling water. The condenser' may be air, 
evaporatively or water cooled. 
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ZDNE. A space or group of spaces Mithin a building Mith 
heating and/or cooling require.ents sufficiently sieilar so that 
co.fort conditions can be aaintained throughout by a single 
controlling device. Each dMelling unit in residential buildings 
shall be considered a single zone. 
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"aterial Standards 

Sec. 5302. The standards and portions thereof, which are 
referred to in various parts of this chapter are hereby declared 
to be a part of this code. 

CODE 
STANDARD 

NO. 

RS-l 

RS-2A 

RS-2B 

RS-2C 

RS-3 

TITLE AND SOURCE 

1985 ASHRAE Handbook of Fundamentals 

Standard "ethod of Test for Rate 
Through Exterior Windows, Curtain 
Specification E283-73 of AST". 

of Air Leakage 
Nalls and Doors, 

Specifications for Alu.inu. Windows, ANSI A134.1, 1972 
Specifications for Aiuminul Sliding 61ass Doors, ANSI 
A134.2, 1972. 

Industry Standard for Wood Window Units, NWKA IS-
2,Industry Standard for Nood Sliding Patio Doors, NNKA 
IS-3. 

AA"A 1503.1, 
transmi Uance 
secti ons. 

1980 Voluntary Test Kethod for Thermal 
of windows, doors and glazed wall 

ASTK C236 test f~r thermal conductance and 
translittance of built-up sections by leans of a 
guarded hot box; and AST" t976 thermal performance of 
building asse.blies by leanS of the calibrated hot box. 

ASHRAE Standard 62-81 Ventilation for acceptable indoor 
air quality. 

RS-4 ASHRAE Standard 55-74 Therlal Environlental Conditions 
for HUlan Occupancy. 

RS-5 DOE Test Procedures for Nater Heaters, 10 CFR Part 430 
Appendix E to Subpart B. 

R6 

R7 

Household Autolatic Electric 
Heaters, ANSI C72.1-1972. 

6as Nater Heaters, Volule III, 
Instantaneous and Large Automatic 
Heaters, ANSI 121.10.3, 1974. 

12 
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1987 NIlEt 5302 

RS-8 IES Lighting Handbook, 6th Edition, 1981 Illuminating 
engineering Society. 

RS-9 ASHRAE Standard 90A-1980, Energy Conservation in New 
Building Design. 

RS-I0 Standard for Packaged Terminal Air Conditioners, ARI 
Standard 310-70. 

1984 ASHRAE Systems Handbook. 

RS-12 Energy Calculations I: Procedures for Determining 
Heating and Cooling Loads for Computerizing Energy 
Calcula.tions--Algorithu for Building Heat Transfer 
Subsystems, ASHRAE 1975. 

RS-13 Energy Calculations II: Procedures for Simulating the 
Performance of Components and Systems for Energy 
Calculations, 3rd Edition, ASHRAE 1975. 

RS-14 Standard for Positive Displacement Refrigerant 
Compressor and CQndensing Units, ARI Standard 520-74. 

RS-15 ~9B3 ASHRAE Equipment Handbook. 

RS-16 

RS-17 

RS-18 

RS-19 

RS-20 

RS-21 

RS-22 

RS-23 

RS-24 

Heating and Air Condilioning Systems--Installation 
Standards, SHACNA, February, 1977. 

SHACNA LON Pressure Duct Construction Standards, 5th 
Edition, Washington, D.C., 1976. 

SHACNA High Pressure Duct Construction Standards, 3rd 
Edition, Washington, D.C., 1975. 

SHACNA Fibrous6lass Duct Construction Standards, 5th 
Edition, Washington, D.C., 1979. 

1982 ASHRAE Handbook and Product Directory, 
Applications Volume. 

Standard for Package Terminal Heat Pumps, ARI Standard 
380-78. 

ASTH E779-781 Standard practice for measuring air 
leakage by the fan pressurization method. 

ASTH E741 Standard practice for measuring air leakage 
by the tracer dilution method. 

Standard 24 CFR Part 3280 HUD. 

13 
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NWEC Std Ventilation System Install~tion Standards 
No. 25 

NWEC Std - Bonneville Power Ad.inistration Air-to-Air Heat 
No. 2b Exchangers Product Specifications 

ACCREDITED AUTHORITATIVE AGENCIES 

AAHA refers to the A.erican Architectural -Manufacturers 
Association, 35 East Wacker Dr., Chicago, ILL, bObOl 

ANSI refers to the American National Standards Institute, Inc., 
1430 Br~adway, New York, NY 10018 

ARl refers to the Air conditioning and Refrigeration Institute, 
1815 North Fort Myer Drive, Arlington, VA 22209 

ASH RAE refers to the A.erican Society of Heating, Refrigerating, 
and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., 
Atlanta, SA 30329 

ASTM refers to the American Society for Testing and Materials, 
191b Race Street, Philadelphia, PA 19103 

lES refers to Illuminating Engineering Societi, 345 East 47th 
Street, New York, NY 10017 

NESCA refers to the National Environ.ental System Contractors 
Association, 1501 Wilson Blvd., Arlington, VA 22209 

NWHA refers to the National Woodwork Manufacturers ASSOCiation, 
Inc., 400 Madison Ave., Chicago, IL bObOb 

SMACNA refers to the Sheet Metal and Air Conditioning contractors 
National ASSOCiation, Inc., 8224 Old Courthouse Rd., Tysons 
Corner, Vienna, VA 22180 
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Design Conditions 

Sec. 5303. la) Design Criteria. 1. General. The criteria of 
this chapter establish the design conditions upon which the 
linilu. therlal design requirements of the building envelope and 
the design of the HVAC system are to be based. 

2. Heating and Cooling. A building that is designed to be 
both heated and cooled shall leet the lore stringent of the 
heating or cooling requireeents as required in this code when 
requireeents of the exterior envelope differ. 

0· The design shall not create conditions of accelerated 
deterioration frol aoisture condensation. 

Ib) Ther.al Design Para.eters. 1. Exterior Design 
Conditions. The following design paraaeters shall be used for 
calculations required under this chapter. IThe Building Official 
is to fill in with ~pplicable data.) 

EXTERIOR DESISN CONDITIONS 
----------------------------------------------------------------. . 
WINTER' Design Dry-bulb 

Design Dry-bulb 
Design Wet-bulb 

DEGREE DAYS HEATING 

DEGREES NORTH LATITUDE 
----------------------------------------------------------------
The outdoor design teaperature shall be selected froa the coluans 
of 97-1/2 % values for winter (99% values for Zone 3) and 2-112 X 
values for suaeer froa tables in Standard RS-l. Adjustaents aay 
be aade to reflect local clilates as deter.ined by the building 
official. 

2. Interior Design Conditions. 
Indoor design teaperature shall be 
7B degrees F for cooling. 

A. Indoor DeSign Teaperature. 
70 degrees F for heating and 

EXCEPTIONSz Other design telperatures aay be used for 
equip.ent selection if it results in a lower energy 
usage. 

B. Hu.idification. If huaidification is provided during 
heating, it shall be designed for a laxilu. relative huaidity of 
30 percent. When cOlfort air conditioning is provided, the 
actual design relative hueidity within the co.fort envelope as 
defined in Standard RS-4 shall be selected for ainilue total HVAC 
systea energy use. 

C. New Energy for Hu.idity Control. New energy eay be used to 
prevent relative huaidity frol rising above 60 percent for 

15 
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comfort control, to prevent condensation on terminal units or 
outlets, or to prevent the malfunctioning of special equipment. 

D. Heating and Cooling Degree Days. The heating and. cooling 
degree days shall be selected from the Standard RS-l. For ---
locations not listed th~rein, other sources of heating and 
cooling degree data may be used provided such sources are 
approved by the Building Official. 

E. Climate Zones. All buildings shall comply with the 
requirements of the appropriate ciimate zone as defined herein. 

Zone 1. 
Zone 2. 
Zone 3. 

Less than 6,000 degree days at 65 degrees F Base. 
6,900 to 8,000 degree days at 65 degrees F Base. 
"are than 8,000 degree days at 65 degrees F Base. 

Ic) Kechanical Ventilation Criteria. 1. Ventilation. For 
mlnlmum ventilation requirements see the applicable occupancy 
chapters. See also section 5305 Ib) IH. 

If a lechanical ventilation system is provided in lieu of 
natural ventilation, the mechanical ventilation system shall be 
capabl. of supplying to each zone ventilation air with the 
minilum outdoor air qu~ntilies specified in Table No. 53-A based 
upon the greater of the occupant densities in that table or the 
design occupant density. The outdoor air shall be conveyed by 
ducts to each zone not provided with minilum openable area for 
natural ventilation. The maximum outdoor air quantities used a. 
the basis for caltulating the heating and cooling design loads 
shall not exceed three times the quantities specified in Table 
No •. 53-A. See the Uniform Mechanical Code for other 
requirements. 

EXCEPTIONS: 1. If outdoor air quantities other than 
those specified in T~ble No. 53-A are used or required 
because of special occupancy or process requirements, 
source control of air conta.ination, health and safety or 
other standards, the required outdoor air quantities 
shall be used as the basis for calculating the heating 
and cooling design loads. 

2. Except as li.ited in this Section, recirculated air 
may be used to meet part of the outdoor air reqUirements 
provided that an air cleaning system is installed which 
is designed to relove particulate and gaseous 
contaminants and which otherwise complies with Section 
6.1.4 of Standard RS-3. A minimum of 5 cfl of outdoor 
air per person shall be provided. 
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TABLE NO. 53-A 
OUTDOOR AIR REQUIRE"ENTB FOR YENTILATION' 

Estinted 
Occupancy2 
persons per 
1000 sq ft2 

Outdoor Air 
Requir ... nh 
cf./person 
'.xc.pt as 
noted) 

----------------------------------------------------------------Dry Cleaners and Laundries 

COlaercial 
Storage/pick-up areas 
Coin-operated laundries 3 

Coin-~perated dry cleaning 

Food ~ Beverage Services 

Dining roolas 
Kitchens 
Cafeterias, fast food facilities 
Bars and cocktail lounges 

Sarages, Auto Repair Shops, 
Service Stations 

Parking garages (enclosed)4 
Auto Repair workrooes (general1 4 

Hotels, Motels, Resorts, 
Dorllitories • Correctional 
Facilities" 

Bedroo.s (single, double)· 
Living roolls (suitesl· 
Baths, toHets 

(attached to bedroolls)? 

Lobbiu 
Conference rooll. (saalll 
As,ellbly rooa, (largel 
Gaabling casinos 

Offices 

Office space 
Meeting and waiting spaces 

10. 
30. 
20. 
20. 

70. 
20. 
10.0. 
10.0. 

(ch/sq ft) 

(ch/roolll 

30. 
50. 
120. 
120. 

7 
60 

17 

15 
35 
35 
15 

35 
10. 
35 
50. 

1.5 
1.5 

30. 
50. 

50. 

15 
35 
35 
3S 

20. 
35 
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TABLE NO. 53-A Continued 

Esthated 
Occupancy· 
persons per 
1000 Iq ft· 

Outdoor Air 
Requir .. enh 
cfa/person 
'e"cept .. 
noted) 

Pubiic-space;-------------------------~--------------------------

Corridors and utility roolls 
Public restroolls 
Lotker • dressing roolls 

Retail Stores 
Sale. floors ~ showrooBls 

Basellent ~ street floors 
Upper floors 

Storage areas (serving sales 
and storeroolls) 

Dressing rooas 
"ails and arcades 
Shipping' receiving areas 
lIarehouses 
Elevltors 
SlIoking roolls 

Specialty Shops 

Barber , beauty shops 
Reducing salons, health spas 

(exercise roolls) 
Florists8 

Greenhouses 
Show repair shops (collbined 

workroolls/trade areas) 
Pet shops 

Sports and Aausellent Facilities 

Ballroolls and discos 
Bowling alleys (seating area) 
Playing floors (e.g. gYllnasiulls, 

ice arenas)'P 
Spectator areas 
Saae roolls (e.g. cards' 

billilrds rooas) 

(cfa/sq ft) .02 
(cfll/stall/urinal) 75 
(cfBl/locker) 35 

30 
20 

15 

20 
10 
5 

70 

25 

20 
10 

1 

10 

100 
70 

30 
150 

70 

1S 

25 
25 

25 
25 
10 
10 
10 
15 
50 

35 

25 

15 
1 

35 
35 

20 
35 

35 
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TABLE NO. 53-A Continued 

SMi .. ing pools 
Pool and deck areas lO 

Spectators' area 

Theatres 
Ticket booths 
Lobbies, foyers, lounges 81 

auditoriums in motion pic:ture 
theatres, lec:ture, c:onc:ert 81 
opera halls 

Stages, TV and lovies studios ll 

Transportation 

lIaiting roolS, ti cket 81 baggage 
areas, c:orridors 81 gate areas, 
platforls, c:onc:ourses 12 

lIorkroolls 

Helt processing rooasl~ 
Pharaacilts Morkroom 
Bank vaults 
Photo studios 

Clal!rl rooa, stages 
Darkroon 
Dupliclting 81 printing rooas 14 

Educational Facilities 

CI assroolS 
Labor at or i es ll' 

Trlining shops 
Husic rooas 
Libraries 

Estinted 
Occupancy· 
persons per 
1000 sq HZ 

(c:h/sq 
70 

150 
70 

150 

10 
20 
10 

10 
10 

(c:h/sq ft) 

50 
30 
30 
50 
20 

19 

53-A 

Outdoor Air 
Requir .. enh 
cfa/person 
'except as 
noted) 

ft) .5 
35 

20 

35 
10 

35 

5 
7 
5 

5 
20 
0.5 

25 
10 
35 
3S 
5 
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TABLE NO. 53-A Continued 

-----------------------------------------------------------------Estieated Outdoor Air 
Occup.ncy· Requiree.nts 
persons per cfe/person 
1000 sq ft- 'except •• 

noted) 

Hosprtar~-Nursrng-&-Convarescent---------------------------------

HOllles l6 

Patient roon (dill/bed) 35 
Medical proc~dure areas lY 10 35 
Operating rOOIS, delivery rooms 20 40 
Recovery ~ intensive care rooms 20 15 
Autopsy roolli la 20 100 
Physical therapy areas 20 15 

Resi denti al '" 

Footnotes to Table S3-A 

1. Derived frol Standard RS-3. 

2. Use only when design occupancy is not known. 

3. Dry cleaning processes lay require lIIoreair. 

4. Distribution eust consider worker location and 
concentration of running engines, stands where engines are 
run IIIUSt incorporate systeas for positive engine exhaust 
withdraw~l. 

5. See also food and beverage services, merchandising, barber 
and beauty shops, and garages. 

6. Independent of rool size. 

7. 

B. 

9. 

Independent of room 
intereittent use. 

size,installed 

Ventilation 
requireeents. 

to opti.ize plant growth 

capaci ty for 

aay dictate 

Nhen internal coabustion engines are operated for 
laintenance of playing surfaces, increased ventilation 
rates will be required. 
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Footnotes Continued 

~ 10. Higher values lay be required for humidity control. 

11. Special ventilat'on Mill be needed to eliminate special st~ge 
effects (e.g., dry ice vapors, mists, etc.) 

12. Ventilation Mithin 
consideration. 

vehicles Mi 11 require special 

13. Spaces maintained at 10M temperatures (-10°F to +50°F) are 
not covered by these requirements unless the vacancy is 
cO'ntinuous. Ventilation from adjoining space is permissible •. 
When the occupancy is intermittent, infiltration Mill 
normally exceed the ventilation requirement. 

14. Installed eqUipment lust incorporate positive exhaust and 
control (as required) of undesirable contaminants (toxic or 
otherMise). 

15. Special contaminant 'control systels may be required for 
processes or functions including laboratory animal occupancy. 

16. Special requirements or codes and pressure relationships may 
determine minimum ventilation rates and filter efficiency. 

17. Procedures generating contaminants may require higher rates. 

18. Air shall not be recirculated into other spaces. 

19. See section 5304(b)IH. 
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Building Design by Syste.s Analysis 

Sec. 5304. (al Scope. This section establishes design 
criteria in t~r.s of total energy use by a building, including 
all of its systems. Analysis of design for low rise R-l and R-3 
occupancies and other buildings less than 5000 sq ft shall comply 
with Section 530. Analysis of design for other buildings shall 
comply with Sections 5304 to 5304. 

(bl Syste.s Analysis. 1. Energy Analysis For All Buildings 
Except Low rise R-1 and R-3 occupancies and other buildings less 
than 5000 sq ft. 
Compli~nce with this section will require an analysis of the 

annual electric energy usage, her~inafter called an annual energy 
analysis. 

EXCEPTION: Sections 5405. 5406, and 5407 of this code 
establish criteria for different energy-consuming and 
enclosure elements of the building which, will eliminate 
the requirement for an annual energy analysis while 
meeting the intent of this code. 

A building designed in accordance with this section will be 
deemed as complying with this code if the calculated annual 
energy consumption is not greater ~han a similar building 
(defined as a ·standard design") whose enclosure elements and 
energy-consuming systems are designed in accordance with section 
5305. 

For an alternate building design to be considered similar to a 
"standard design", it shall utilize the same energy source(s) for 
the same functions and have equal floor area and the same ratio 
of envelope area to floor area, environmental requirements, 
occupancy, climate data and usage operational schedule. 

2. Design. The standard design, conforming to the criteria of 
section 5305 and the proposed alternative design shall be 
designed on a common basis as specified herein: 

The comparison shall be expressed as kWh input 'per square foot 
of conditJoned floor area per year at the building site. 

3. Analysis Pro~edure. The analysis of the annual energy 
usage of the standard and the proposed alternative building and 
system design shall meet the following criteria: 

A. The building heating/cooling load calcul~tion procedure 
used for annual energy consumption analysis shall be detailed to 
permit the evaluation of effect of factors specified in Section 
402.4. 

B. The calculation procedure used to simulate the operation of 
the building and its service systems through a full-year 

'~ 

'-

operating period shall be detailed to permit the evaluation of ,~ 

the effect· of system design. climatic factors, operational ~ 
characteristics. and mechanical equipment on annual energy usage. 
Manufacturer's data or comparable field test data shall be used 
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when available in the simulation of systems and equipment. The 
calculation procedure shall be based upon 8760 hours of operation 
of the building and its service systems and shall utilize the 
design lethods specified in Standards RS-l, -II, -12 and -13. 

4. Calculation Procedure. The calculation procedure shall 
cover the folloHing items: 

A. Design requirelents--Environlental requirements as required 
in section 5303. 

B. Clilatic data--Coincident hourly data for temperatures, 
solar radiation, wind and humidity of typical days in the year 
representing seasonal variation. 

C. Building data--Orientation, size, shape, 
loisture and heat transfer characteristics. 

D. Operational characteristics--telperature, 
ventilation, iliulination, control lode for 
unoccupied hours. 

mass, air, 

humidity, 
occupied and 

E. "echanical equipment--Design capacity, part load profile. 
F. Building loads--Internal heat generation, lighting, 

equiplent', number of people during occupied and unoccupied 
periods. 

5. Docu.entation. Proposed alternative designs, submitted as 
requests for. exception to the standard design criteria, shall be 
accolpanied by an energy analysis comparison report. The report 
shall provide technical detail on the two building and system 
designs and on the data used in and resulting from the 
cOlparative analysis to verify that both the analysis and the 
designs meet the criteria of section 5304. 

6. Energy Analysis for LOM rise R-l and R-3 Occupancies and 
other buildings less than 5000 sq.ft. A. Energy Budgets. 
Proposed buildings designed in accordance Hith this section shall 
be designed to use no lore kilowatt hours (kWh) of electric 
energy from depletable sources for space heating than a similar 
building whose enclosure elements and energy consuming systems 
are designed in accordance with Section 5305 (bl 2 for the 
appropriate climate zone and building type. New buildings shall 
also leet the applicable requirements of Sections 5305 (bI4, 5305 
(c18 and 5305 ('d). 

B. Calculation Df Energy CDnsu.ption. The application for a 
building perlit shall include documentation which delonstrates, 
using an approved calculation procedure, that the proposed 
building's space heating energy use does not exceed the space 
heating energy use of a similar building conforming to section 
5305 for the appropriate climate zone. The total calculated 
annual electricity consulPtion shall be show" in units of kWh/sq 
ft or Btu/sq ft of conditioned area. 
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C. Input Values. The following standardized input values 
shall be used in calculating annual space heating budgets: 

Parameter Value 

Thermostat set point,heating 
Therlostat set point,cooling 
Ther.ostat night set back 
Ther.ostat night set back period 
Internal gain from 

65 degrees F 
78 degrees F 
o degrees F 
o hours 
3000 Btu/hr (for R-3 
occupancies) lights, appliances 

and o'ccupants 

Hini.ulI heat storage 

Site weather data 

Heating systell efficiency 

1500 Btu/hr (R-1 
occupancies) 

Calculated using standard 
engineering practice for 
the actual building or 
as approved. 

Typical meteorological 
year <THY} or ersatz TI1Y 
data for the c:l osest 
appropriate THY site or 
other sites as approved. 

Systems providing electric 
resistance heat other than 
heat PUllPS are assulled to have 
an efficiency of 1.00. 

Parameter values that may be varied by the building designer to 
lode I energy saving options include, but are not li.ited to, the 
following: ' 

1. Overall therllal transmittance, U., of building envelope or 
individual building cOllponents. 

2. Heat storage capacity of building; 
3. Slazing orientation and area; and, 
4. Heating system efficiency. 

D. Solar Shading and Access. Building designs using passive 
solar features with 8 percent or lore south faCing equivalent 
glass to qualify shall provide to the Building Official a sun 
chart or other approved documentation depicting actual site 
shading for use in calculating cOllplian~e under this section. 
Building designs shall also docullent future solar access by 
indicating on the site plan that the solar aperture will not be 
shaded by a hypothetical six foot fence built on adjacent lot 
lines or by a hyp~thetical "pole" located at the center of the 
buildable area of adjacent lots that represents the average 
height of si.ilar structures in the area. 
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E. Infiltration. Infiltration levels used shall be tonsistent 
with the air leakage control package selected fro. Section.5305 
(b)4 or the designer shall provide docu.entation for alternative 
assulptions. 

F. Heat PUlpS. The heating season perforlante factor (H~PF) 
for heat pUlpS shall be talculated using procedures tonsistent 
with Section 5.2 of the U.S. Department of Energy Test Procedure 
for Central Air Conditioners, including heat PUlpS published in 
the December 27, 1979 Federal Register Vol. 44, No. 24.10 CFR 
430. eliaate data as specified above, the proposed buildings 
overall thermal perfor.ante value (Btu/degrees F) and the 
standardized input aS5umptions specified above shall be used to 
aodel the heat pumps HSPF. 
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Building Design By Coaponent Perforaance Approach 

Sec. 5:505. (a) Scope. The cri teria of this section establis,hes 
the linimum requirements for the theraal design of the exterior 
envelope of buildings which use electrical energy as the primary 
form of space conditioning, and for other electric energy using 
comp~nents associated with'the building operation. 

(b) Building Envelope Requireaents. 1. General. A. The 
stated Uo value of any assembly such as roof/ceiling, NaIlor 
floor may be increased and the Uo value for other components 
decreased, provided that the total heat gain or loss for the 
entire building envelope does not exceed the total resulting frOB 
conforaance to the Uo values specified in this section. 
Component heat loss or cooling coefficients shall be computed in 
accordance with the provisions of Chapter 23 and 25 of RS-l and 
the requirements of this section. 

B. In addition to the criteria set forth in this section, the 
proposed design may take into consideration the thermal lass of 
building cOIPonents in considering ~nergy conservation when 
ap~roved by the building official. 

C. , When return air ceiling plenums are elployed, the 
roof/ceiling assembly shall: 

(i) For thermal transmittance purposed, not include the 
ceiling proper nor the plenuB space as part of the 
assnbly; and 

(ii) For gross area purposes, be based upon the interior 
face of the upper plenum surface. 

D~ Insulation. 
(i) All insulating Baterials shall co.ply with sections 

1712 and/or 1713 of this Code. All insulation 
materials shall be placed in the building envelope in 
such a manner as to provide for uniform R-Value. 

!ii) Where required, insulation shall be installe'd with 
clearances maintained through installation of a 
permanent retainer. 

(iii) Access doors frol conditioned spaces to unconditioned 
spaces (e.g., attics and craill spaces) shall be 
weatherstripped and insulated to a level equivalent to 
the insulation on the surrounding surfaces. Access 
shall be provided to all equipment which prevents 
damaging or compressing the insulation. 

(iv) Blown or poured loose-fill insulation lay be used in 
att~c spaces where the slope of the roof is not less 
than 2-1/2 feet in 12 feet and there is at least 30 
inches of clear distance from the top of the bottom 
chord of the truss or ceiling joists to the underside 
of the roof sheathing at the roof ridge. When eave 
vents are installed, baffling of the vent openings 
shall be provided so as to deflect the incoming air 
above the surface of the insulation. Baffles shall be 
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in place prior to the framing inspection. Baffles 
shall be of weather-resistant, rigid .aterial. 

(v) Insulation installed in exterior walls shall comply 
with the provisions of this section. All wall 
insulation batts shall fill the entire cavity and shall 
not be compressed. Exterior wall cavities isolated 
during framing shall be fully insulated to the levels 
of the surrounding walls. 

(vi) Slab-on-grade insulation shall extend downward from the 
top of the slab for a minimum distance of 24 inches or 
downward to the bottom of the slab then horizontally 
beneath the slab for a minimu. distance of 24 inches. 
Insulation installed outside the foundation shall 
extend downward to a .aximum of 24 inches or to the 
frostline. Above grade insulation shall be protected. 

EXCEPTION: For monolithic slabs, the insulation 
shall extend downward from the top of the slab to the 
bottom of the footing. 

(vii) Below grade exterior wall insulation used on the 
exterior (cold) side of the wall shall extend from the 
top of the below-grade wall to the top of the footing 
and shall be approved for below-grade use. Above
grade insulation shall be protected. 

Insulation used on the interior (warm) side of the 
wall shall extend from the top of the below-grade wall 
t.o the below-grade floor level. 

E. Glazing. For low rise R-1 and R-3 occupancies and other 
buildings less than 5000 sq ft, compliance with the U-Values for 
glazing shall be certified using thermal transmittance due to 
conduction test results from either RS-2B or RS-2C test 
procedures. Testing shall be conducted by a certified laboratory 
at a wind speed of 15 mph and using the residential sample size 
specified in RS-2B. 

For the purpose of calculations the tested U-value may be 
adjusted to reflect a seasonal average condition of 7.5 mph using 
the procedure specified in Chapter 27 of RS-l. 

EXCEPTION: U-Values for site- built fixed lites shall use 
window ther.al test results when available. 

F. "oisture Control. (i) 
on the war. side (in winter) 
following cases: 

Vapor retarders shall be installed 
of insulation as specified in the 

EXCEPTION: Vapor retarder installed with not more than 1/3 
of the no.inal R-Value between it and the conditioned space. 
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(ii) Walls, c~ilings, and floors separating conditioned 
space from unconditioned space shall have a vapor 
retarder installed. Th~ vapor retarder shall have a 
one perm dry cup rating or less. 

(iiil Slab-an-grade floors shall have a ground cover with a 
one-perm dry cup rating and approved for under slab use 
installed beneath the entire slab. 

EXCEPTION: 
base. 

Slabs installed on a 2" .ini.u. gravel 

(iv) A dark ground cover of 6 .il (0.006 inch) thick 
polyethylene or approved equal shall be laid over the 
ground within crawl spaces. The ground cover shall be 
overlapped 12 inches minimum at joints and shall extend 
to the foundation wall. 

EXCEPTION: The ground cover may be o.itted in 
unheated crawl spaces if the crawl space has a concrete 
slab floor with a minimum thickness of 3-1/2 inches. 

S. Indoor Air Quality for Low rise R-l and R-3 Occupancies. 
(i) All structural panel components within the conditioned 

space shall comply with RS-24 for formaldehyde 
emissions of .2 PPH for plywood and .3 PPH for particle 
board and shall be so labeled. 

EXCEPTION: Softwood plywood, particle board, wafer board 
and oriented strand board with phenol based resins and 
stamped EXPOSURE 1 or EXTERIOR. 

(iii Concrete slabs shall be a minimum 3-1/2" thick and 
shall be installed over a 4" thick coarse-grade gravel 
base. 

(iii) Co.bustion appliances located within the conditioned 
space shall be either direct vent, forced draft or, 
other venting system taking combustion air directly 
fr~. the exterior. 

EXCEPTIONS: 1. Fireplaces and wood stoves shall 
comply with Section 5305 Ib)4Cliii). 

2. Co~king appliances. 

H. "echanical Ventilation for low rise R-I and R-l 
occupancies. The requirements of Table 53-A and Section 12051a) 
notwithstanding, a ventilation system complying with NWEC 

, 
~ 

Standard 125 and 126 shall be installed. The ventilation syste. ~ 

shall be capable of providing the following ventilation 
requirements: ~ 
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- Spot Ventil.tion. lnterlittent operation exhaust ventilation 
of 50 cfl for each bathrooM and 100 cfl for each kitchen. 

- Whole House Ventil.tion. Outdoor air shall be supplied to 
the conditioned space at the rate of 10 cfl for each bedroom 
plus an additional 10 cfm for the remaining living area. The 
ventilation system shall be capable of providing the outdoor 
air on a continuous basis and shall be provided Hith an 
automatic control Hith a manual override. 

2. Criteria For All LOH rise Group R-l and R-3 Occupancies and 
For Other Buildings Less Than 5000 sq.ft. The building envelope 
Hill be deemed as complying Hith this code if the calculated heat 
loss of the proposed building is not greater than the heat loss 
of a reference building complying Hith the requirements of Table 
No. 5~-B. The building heat loss shall be calculated using 
Equation 53-1, 53-2, 53-3, 53-4 and 53-4. 

The reference building shall have the same floor areas, gross 
exterior Hall area, gross ceiling area and beloH grade Hall or 
slab-on grade perimeters as the proposed building. The reference 
building shall use an air exchange rate of .35 ACH. 

COIPonent heat loss coefficients shall be calculated using the 
procedures,in Chapters 23 and 25 of RS-l. The effects of all 
heat floH paths, including framing members and tapering or 
compression of the insulation shall be included. The buffering 
effects of adjacent unheated spaces may be considered. The 
seasonal average outdoor conditions lay be used for determination 
of the outdoor air 'films. 

U = ______________ ~~ ____________ ••• (Equation 53-1) 
Rn + 1. 

It 

~ NHEREs U = the thermal transmittance of the assembly. 

,,--~. . \ 

NHEREs 

(Btu/hr·sq.ft.·oF) 
fo = outside air film conductance 
f, = inside air film conductance 
R =,1. = measure of the resistance to the 

C passage of heat for each element. 
(OF/Btu·sq.ft.·hr) 

C conductance. the heat floH through a specific 
material of specific thickness 
General Equation for heat loss: 

UA U,A. or F.P •..•••...• (Equation 53-2) 

UA 
U. 
A. 

*F, = 
*P, 
* (for 

component heat loss 
component U-Value 
component area (sq ft) 
component F-factor 
component perileter (ft) 
slabs and beloH grade Halls) 
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Effective Air Leakage Heat Loss Rate: 

MHEREs 

UA 1 - ACH x V x C_ x D •••••••••.••••• (Equation 53-3) 

UAs= heat loss frol infiltration 
fACH= effective air exchange rate 

V Volume of conditioned space 
C_ = specific heat capacity of air 
D = density of air at building location 

fuse .35 ACH for the Standard air leakage controls 
.20 ACH for the Advanced air leakage controls 

Building Total Heat Loss Rate: 

UA. = FP b + FP. + UA 4 + UA. + UA. + UA d + UAc + UAs ••••• (Eq 53-4) 

MHEREz FP b a UA for below grade walls 
FP. = UA for slab on grade floors 
A4 = UA for floors over unconditioned spaces 
UA. • UA for walls above grade 
UA. = UA for glazingf 
UA d UA for doors 
UAc = UA for ceilings 
UAs UA for air infiltration 

All units in Btu/hr/degree5 F 
f - See Section 5301.(e) for definition of glazing. 

3. Criteria for All Other Buildingl. A. Heating Criteria. 
(i) M.lli. The gr055 exterior wall shall have a combined 
therlal translittance value (U.) not exceeding the values given 
in Table No. 53-C. Equations 53-1 and 53-5 shall be used to 
deterline acceptable combination~ to meet this requirelent. For 
below-grade-walls , the thereal resistance of the insulation 
shall not be less than the value given in Table No. 53-D. 

Beneral equation for gross wall area: 

U. [U .. x A .. + U. x Ao + Ud x A .. lIA ..... (Equation 53-5) 

MHERE: Uw = average therlal translittance of opaque wall. 
Aw = opaque area of exterior walls above grade. 
Ug • the thermal translittance of the glazing. 
Ag = the glazing area, including sash. 
Ud = the therlal transmittance of the door. 
Ad the door area. 
Uo = the average therlal translittance of the 

gross wall area 
Ao the gros5 wall area 
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Note: Where eore than one type of "all, and/or "indo" and/or 
door is used, the U and A teras for those iteas shall be expanded 
into sub-eleeents as: 

<U"1 x Awl> + <Uw2 x Aw2), + ••• etc. 

Calculations shall include the effects of all heat flow paths, 
including fraaing aeabers. 

(ii) Roof/Ceiling. The gross roof/ceiling shall have a 
coabined theraal transaittance value (Uo) not 
eKceeding the value given in Table No. 53-C. Equations 
53-1 and 53-6 shall be used to deteraine acceptable 
coebinations to aeet this requirement. 

General equ~tion for gross roof/ceiling area: 

Uo = [U~ x A~ + U. x A.]/Ao ••••••••••••• (Equation 53-6) 

WHERE: 
roof/ceiling. 

Ur = the theraal transaittance of opaque 

Ar z opaque roof/ceiling area. 
Us the thereal transaittance of skylight. 
As = skylight area (including fraae). 
Uo = the average theraal transeittance of the 

gross roof/ceiling 
Ao the gross roof/ceiling area 

Note: Where aore than one type of roof/ceiling and/or skylight 
is used, the U x A tera for that exposure shall be expanded into 
its sub-eleaents, .as: 

(Uri x Arl> + <Ur2 x Ar2), + etc. 
Calculations shall include the effects of all heat flow paths, 

including fraaing aeabers. 
(iii) For floors of heated spaces over unheated spaces, the 

Uo value shall not exceed the value given in Table No. 
53-C. 

(iv) Slab-an-grade floors. For heated and unheated slab-on
grade floors, the theraal resistance of the insulation 
around the peri_eter of the floor shall be not less 
than the value given in Table No. 53-C. 

4. Air Lukage for All Buildings. A. General. The 
require_ents of this section shall apply to all buildings and 
structures, or portions thereof, and apply to those locations 
separating exterior aabient conditions f~oe interior spaces that 
are heated and/or aechanically cooled and are not applicable to 
the separation of interior condjtioned spaces froe each other. 
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B. Exterior doors and windows shall be designed to limit air 
leakage into or froM the building envelope. Hanufactured doors 
and windows shall have air infiltration rates not exceeding those 
sho"~ in Table No. 53-D., Site-constructed doors and windows 
shall be sealed in accordance with 5305 (bI4C. 

C. Standard Air Leakage Control. (i) These requireMents 
shall apply to all buildings. 

(ii) The following openings in the building envelope shall 
be caulked or otherwise sealed to limit infiltration: 
Around glazing and door fraMes, between the unit and 
the interior sheet rock or the rough framing' 
Between all exterior "all sole plates and the 
structural floor, using two rows of caulking or an 
alternate approved procedure; 

Over all framing joints where floors over conditioned 
spaces intersect exterior ~alls (e.g •. , at rim and band 
joistsf, using a high permeance infiltration barrier or 
alternate approved technique; 

Around penetrations in the building envelope for 
ducts, plumbing, electrical and utilities in "ails, 
ceilings and floors; 

At all openings or joints in the ceiling Membrane; 
At the top and bottOM of the mudsill (base.ents only 

and underfloor pl~nums); 
At all other penetrations in the building envelope. 

(iii) Electric outlet plate gaskets shall be installed or 
the boxes sealed on all electrical outlets in the 
exterior walls, ceiling or floor. 

(iv) HVAC ducts shall be sealed at all joints and corners, 
at junctions between outlet registers and interior 
surfaces. 

(y) Masonry and factory-built fireplaces and wood stoves 
shall be installed with the following: Tight-fitting, 
closeable Metal or glass doors covering the entire 
opening of the firebox; 

A COMbustion air intake from outside of the 
conditioned space directly into the firebox, at least b 
square inches in area, and equipped with a readily 
accessible, operable, and tight-fitting; and, 

For masonry fireplaces only, a tight-fitting flue 
damper with a readily accessible manual control. 

(vi) Fans or other systeMS exhausting air frOM the 
building to the outside shall be provided with 
backdraft or autOMatic dampers to liMit air leakage. 

EXCEPTIONS: Low rise R-1 and R-3 occupancies and 
other buildings less than 5000 sq ft shall be exe.pt 
from all of the requirements of Sectlon 5305(b)4B and 
5305(b)4C if: 1. The air exchange rate for the 
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building is 7.0 air changes per hour or less when 
tested in accordance.with RS-22 when de~ressurized to 
50 pucals, or 

2. The average air exchange rate for the building is 
.35 ACH or less as leasured over a two week period of 
the heating season when tested in accordance with 
RS-23. 

D. AdVAnced Air Leakage Control. These requirelents aay onl y 
be used for low rise R-1 and R-3 occupancies or other occupancies 

f'. len than 5000 sq. ft. In addition to the requireaents of 
Section 5305(b)4C, the following shall be provided: 

(i) An air-to-air heat exchanger or exhaust air heat PUMP 
cOlplying with the requirelents of NWEC Standard 125 
and 126. 

Iii ) Continuous Air. Barrier: A continuous air barrier 
installed over all exterior ceilings, exterior floors, 
and exterior walls .and sealed at all intersections of 
these coeponents to create a continuous air barrier 
over the entire envelope of the building: Joints shall 
be structurally supported and sealed. Flexible sheet 
air infiltration barriers shall be lapped at least 6 
inches at a framing leiber, and perlanently fixed to 
prevent separation. All openings in the air barrier 
including rips and tears shall be sealed. Ceilings with 
plank andbeaa construction exposed to the conditioned 
space shall have the air barrier placed on top of the 
planking and sealed directly to the wall air barrier 
with coepression gaskets, caulking or sealant as 
approved~ Post and beal floors with decking shall have 
the air barrier placed on top of the decking and sealed 
directly to the wall air barrier with cOlpression 
gaskets, caulking or sealant as approved. 

EXCEPTIONS: 1. Buildings shall be exeapt frol all 
requirelents of Section 5305(b)4B, 5305(b)4C and 
5305(b)4D(ii) provided: 1.The air exchange rate for the 
building is 1.8 air changes per hour or less when 
tested in accordance with RS-22 when depressurized to 
50 pascals; or 

2. The average air exchange rate for the building is 
.1 ACH or less seasonal average without the heat 
recovery ventilation in operation or .35 ACH seasonal 
average with the heat recovery ventilation systel in 
operation as leasured over a two week period of the 
heating season when tested in accordance with RS-23. 
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(cl Building "echanical Syste.s. 1. Seneral. This section 
covers the determination of heating and cooling loads, design 
requirements, system and component performance, control 
requirements. insulating systems and duct construction. 

EXCEPTION: Special applications for process loads mav be 
exempted from the requirements of Section 5305(cl when approved 
by the building official. 

2. Calculations of Heating and Cooling Loads and System Sizing 
Li.its. The design parameters specified in section 5303 shall 
apply for all co.putations. 

A. Calculation Procedures. Heating and cooling d~si~n loads 
for the purpose of slzlng systems shall be determined in 
accordance with one of the procedures described in Chapters 25 
and 26 of Standard RS-l or an equivalent computation procedure. 

B. Infiltration. Infiltration for heating and cooling design 
loads shall be calculated for all buildings using the methods 
identified above or other accepted engineering practice by the 
procedures in Chapter 22 of Standard RS-l. 

C. Spac. Heating and Cooling System Sizing Li.its for LON Ris. 
R-l and R-3 Occupanci.s and other buildings less than 5000 sq.ft. 
Building mechanical systems which provide space heating and/or 
space cooling shall be sized no greater than 150 percent of the 
design load as calculated above. 

EXCEPTION: For heat pumps, compliance need only be 
demonstrated for either the space heating or space cooling 
system size. Where compliance is demonstrated for the space 
cooling system size, the supplementary heat element either 
shall be the smallest element available for that heat pump or 
the sum of the heat pump eleaent plus the supplementary heat 
element shall not exceed 150 percent of the design heating 
load. 

3. Si.ultaneous Heating and Cooling. Each temperature control 
zone shall include thermostatic controls installed and operated 
to sequence the use of heating and cooling energy to satisfy the 
thermal andlor humidity requireaent of the zone. Controls shall 
prevent reheating (heating air that is cooler than systea aixed 
airl, recooling (cooling air that is warmer than the systea mixed 
airl, mixing or simultaneous supply of wara air (warmer than 
systea return air mixed airl and cold air (cooler than systea 
mixed airl, or other simultaneous operation of heating and 
cooling systems to one zone. For the purposes of this section, 
system mixed air is defined as system return air mixed with the 
.inimua ventilation air requirement by Section 5303(cll. 

EXCEPTIONS: 1. Variable air volume systems designed to 
reduce the air supply to each zone during periods of 
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occupancy to the larger of the following: 
a. 30X or less of the peak supply volule •. 
b. The linimum allowed to leet ventilation requirements of 

Section 5303(c)l. 
c. 0.5 cfm/ft.2 of zone conditioned area before reheating, 

recooling or mixing takes place. Consideration shall be 
given to supply air temperature reset control. 

2. The energy .for reheating, or providing warl air in 
mixing systels, is provided entirely from recovered energy 
that would otherwise be wasted, or frol nondepletable energy 
sources. In addition, the system shall comply with Section 
503.7 without exception. 

3. Areas where specific humidity 
satisfy process needs. 

4. Where special pressurization 
contamination. requirements are ~uch 
systels are impractical, supply air 
reset by representative building 
tnperature. 

levels are required to 

relationships or cross
that variable air volume 

temperatures shall be 
load or outside air 

4. HVAC Equipment Performance Requirements. A. Equiplent 
Components. (i) The requirements of this section apply'to 
equipment and mechanical component performance· for heating, 
v.entilating and air-conditioning systems. Equip.ent efficiency 
levels are specified. Data furnished by theequiplent supplier 
or certified under a nationally recognized certification program 
or rating procedure shall be used to satisfy these requirelents. 
Equipment efficiencies shall be based on the standard rating 
conditions in Table No. 53-H, 53-lor 53-J as appropriate. 

(iii Where components from lore than one manufacturer are 
assembled into sysfe.s regulated under this section, 
compliance shall be as specified in paragraphs 
5305(c)4B through 530S(c)4F. 

B. HVAC System Heating Equip.ent Heat,Pu.p-heating Kode. Heat 
pumps whose energy input is entirely electric shall have a 
coefficient of performance (COP) heating, not less than the 
values in Table No. 53-E. 

(i) Thes! requirements apply to, but are not limited to, 
uni tary (central I heat PUlpS (air source and water 
source) in the heating lode, to water source (hydronic) 
heat PUlPS as used in multiple-unit hydronic HVAC 
systels, and to heat pUlpS in the packaged terminal 
air-conditioner and room air-conditioner forms in the 
heating lIIode. 

(ii) Coefficient of perfor.ance (COP) heating. The ratio of 
the rate of net heat out to the rate of total on-site 
energy input to the.heat pump, expressed in consistent 
units and under designated rating conditions. 
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The rate 0; net heat output shall be de;ined as the 
change in the total heat content 0; the air entering 
and leaving the equipaent (not including suppleaentary 
heat and heat ;rom boilers). 

Total on-site energy input to the heat pump shall be 
determined by combining the energy inputs to all 
elements, except supplementary heaters and boilers, of 
the heat pump, including, but not limited to 
compressors(s), compressor suap heaters(s), puap(s), 
supply-air fans(s), return-air fans(s), outdoor-air 
fans(s), cooling-tower fans(s), and the HVAC system 
equipaent control circuit. 

(iii) Supplea.ntary Heater. The heat pump shall be installed 
with a control to prevent supplementary hater operation 
when the operating load can be aet by the heat pump 
alone. 

Suppleaentary heater operation is permitted during 
transient periods, such as start-ups, ;ollowing rooa 
thermostat set-point advance and during de;rost. 

A two-stage thermostat, which controls the 
supplementary heat on its second stage, shall be 
accepted as meeting this requirement. The cut-on 
temperature for the compression heating shall be higher 
than the cut-on temperatu~e for· the supplementary heat, 
and the cut-o;f temperature for the compression heating 
shall be higher than the cut-off temperature for ~he 
supplementary heat. Supplementary heat may be derived 
from any source, including, but not limited to, 
electric resistance, combustion heating or solar or 
stored-energy heating. 

C. "Ichanical Ventilation. Each mechanical ventilation system 
(supply andlor exhaust) shall be equipped with a readily 
accessible switch or other means for shutoff or volume reduction 
and shutoff when the ventilation is not required. Automatic or 
gravity dampers that close when the system is not operating shall 
be provided for outdoor air intakes and exhausts. There is no 
standard at this time for damper leakage. Automatic or manual 
dampers installed for the purpose of shutting off ventilation 
systems shall be designed with tight shutoff characteristits to 
minimize air leakage. 

EXCEPTIDNS: "anual dampers for outdoor air intakes may be 
used in the following cases: For RI and R3 buildings; or when 
the fan system capacity is less than 3500 cfm. 

D. HYAC System Equip.ent, Electrically Dperated, Cooling "ode. 
HVAC system equipment as listed below. whose energy input in the 
cooling mode is entirely electric, shall have an energy 
ef;iciency ratio (EER) or a Coefficient of Performance (COP) 
cooling not less than values in Table No. 53-F. 
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These requirements apply to, but are not limited to, 
unitary Icentral) and packaged terminal heat pumps lair 
source and Mater source); packaged terminal air 
conditioners and rool air tellperatu'res. 

EXCEPTIONI These requirements do not apply to 
equip.ent used in areas such a~ superlarkets having 
open refrigerated food display cases or computers or 
other equip.ent contributing a large a.ount of heat to 
the area served. 

(ii) Coefficient of Perfor •• nce (COP) Cooling. The COP is 
the ration of the rate of net heat removal to the rate 
of total on-site energy input to the air conditioner 
expressed in consistent units and under designated 
rating conditions. 

The rate of net heat reaoval shall be defined as the 
change in the total heat content of the air entering 
and leaving the equipaent (without heat). 

Total on-site energy input shall be determined by 
co.bining the energy inputs to all elements supplied 
with the package of the equipllent including but not 
li.ited to compressorls), compressor sump heater(s), 
pumps(s). supply-air fans(s), return-air hn(s), 
condenser-air fanls), cooling-tower fanls) and pumpls) 
and the HVAC system equipmen~ control circuit. 

E. "Applied HVAC Syste. Co.ponents, Electric.lly Oper.ted, 
Cooling "ode. HVAC System coaponents, as listed in Table NO. 53-
G, whose energy input is entirely electric, shall have an energy 
efficiency ratio (EER) or a Coefficient of Performance (COP) 
cooling not less than the values in Table 53-G. 

Ii) Coefficient ~f perfora.nce (COP) coolingl The COP is 
the ration of the rate of net heat removal to the rate 
of total on-site energy input. expressed in consistent 
units and under designated rating conditions. 

The rate of net heat reaoval from the coaponent is 
defined as the difference in total heat content of the 
water or refrigerant entering and leaving 'the 
component. 

Total (on-site) energy input to the component shall 
be deter.ined by combining the energy inputs to all 
eleaents and accessories as included in the coaponenti 
including but not limited to, coapressor(s), internal 
circulating pUlp(S), purge devices, and the HVAC system 
coaponent control circuit. 

5. Transport Energy. A. All-air Syste.s. The air transport 
factor for each all-air systea shall be not less than 5.5. The 
factor shall be based on design system air flow for constant 
volule systels. The factor for variable air volume syste.s may 
be based on average conditions of operation. Energy for transfer 
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of air through heat recovery devices shall not be included in 
deteraining the factor; however, such energy shall be included in 
the evaluation of the effectiveness of the heat recovery systea. 

Air Transport Factor =Spa~e Sensible Heat Reaovalf 
Supply + Return Fan(s) Power Inputf 

fExpressed in Btu/~ or watts 

For purposes of these calculations, Space Sensible Heat Re'aoval 
is equivalent to the maxi.um coincident design sensible cooling 
load of all spaces served for which the systea provides cooling. 
Fan Power Input is the rate of energy delivered to the fan prime 
mover. 

B. Other Syste... Air and water, all-water and unitary 
systems employing chilled, hot, dual-teaperature or condenser 
water transport systeas to space terminals shall not require 
greater transport energy (including central and terainal fan 
power and pu.p power) than an equivalent all-air systea providing 
the saae space sensible heat reaoval and having an air transport 
factor not less than 5.5. 

6. Balancing. The HVAC systea design sh~ll' provide an 
accessible aeans for balancing air and water systeas. In doing 
50, the considerations shall include, but not be liaited to, 
daapers, te.perature and pressure test connections and balancing 
v'al ves. 

7. Cooling with Outdoor Air (Econoaizer Cycle). Each fan 
systea shall be designed to use up to and including 100 percent 
of the fan system capacity for cooling with outdoor air 
autoaatically whenever its use will result in lower usage of new 
energy. Activation of econoaizer cycle shall be controlled by 
sensing outdoor air enthalpy or outdoor air dry-built teaperature 
alone or alternate aeans approved by the building official., 

EXCEPTIONS: Cooling with outdoor air is not required under 
anyone or .ore of the following conditions: 1. The fan 
systea capacity is less than 3,500 cfa or total cooling 
capacity is less than 90,000 Btu/h. 

2. The quality ~f the outdoor air is so poor as to require 
extensive treat.ent of the air and approval by the building 
official. 

3. The need for huaidificalion or dehuaidification 
requires the use of aore energy 'than is conserved by the 
outdoor air cooling on an annual basis. 

4. The use of outdoor air cooling aay affect the operation 
of other systea. 50 as to increase the overall energy 
tonsuaption of the building. 

5. When energy recovered froa an internal/external zone 
heat recovery system exceeds the energy conserved by outdoor 
air cooling on an annual basis. 
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6. When all space cooling is accoaplished by a circulating 
liquid which transfers space heat directly or indirectly to a 
heat rejection device such as a cooling tower without use of 
a refrigeration systea. 

7. When the use of 100 percent outside air will cause coil 
frosting, controls aay be added to reduce the quantity of 
outside air. However, the intent of this exception is to use 
100 percent air in lieu of aechanical cooling when less 
energy usage will result and this exception applies only to 
direct expansion systeas when the coapressorls) is running. 

8. For dwelling portions of R-l and R-3 occupancies. 

B. Controls. A. Teaperature Control. Each system shall be 
provided with at least one adjustable therllostat for the 
regulation of tellperature. Each theraostat shall be capable of 
being set by adjustaent or selection of sensors as follows: 

Ii) When used to control heating only: 55 to 75 degrees F. 
(ii) When used to control cooling only: 70 to B5 degrees F. 
liii) When used to control both heating and cooling, it shall 

be capable of being set froll 55 to 85 degrees F and 
shall be capable of operating the systea heating and 
cooling in sequence. The therllostat andlor control 
systea shall have an adjustable deadband of not less 
than 1~ degrees F except as allowed by the second 
subparagraph of 530Slc)3Clv). 

B. Huaidity Control. If a systell is equipped with a means for 
adding aoisture to aaintain specific selected relative huaidities 
in space or zones, a huaidistat shall be provided. Humidistats 
shall be capable of being set to prevent new energy froll being 
used to produce space-relative h~aidity above 30 percent. When a 
huaidistat is used in a systell for controlling moisture reaoval 
to aaintain specific relative hUllidities in spaces or zones, it 
shill be capable of being set to prevent new energy from being 
used to produce a space~relative humidity of less than 60 
percent. 

EXCEPTIDNI Special occupancies requiring different 
relative huaidities lay be perllitted. 

C. Zoning for Teaperature Control. Ii) Dne- and Two-Faaily 
for regulation of space 

each separate system. In 
or automatic aeans shall be 
shut off the heating and lor 

Dwellings. At least one thermostat 
teaperature shall be provided for 
addition, a readily accessible manual 
provided to partially restrict or 
cooling input to each zone or floor. 

(ii) "ultif •• ily Dwellings. For aultifallily dwellings, each 
individual dwelling unit shall have at least one 
theraostat for regulation of space te.perature. A 
readily accessible .anual or autollatic lIeans shall be 
provided to partially restrict or shut off the heating 
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and/or cooling input'to each rool. Spaces other than 
living units shall meet the requirements. of 
5305(c)8C(iii). 

(iii) Other types of buildings Dr occupancies. At least one 
thermostat for regulation of space telperature shall be 
provided for: Each separate system; and, 

Each separate zone as d~fined in section 5302. As a 
minimum, each floor of a building shall be considered 
as a separate zone. In a multistory building where the 
perimeter system offsets only the transmission losses 
of the exterior wall, an entire side of uniform 
exposure may be zoned separately. A readily accessible 
.anual or automatic eeans shall be provided to 
partially restrict or shut off the heating and/or 
cooling input to each floor. 

(iv) Control setback and shutoff. One- and Two-Family and 
Multifamily Dwellings: The thermostat required in 
530S(c)8C(i) and 5305(c)8C(ii) or an alternate means, 
including, but not limited to, a switch or clock, shall 
provide a readily accessible manual or automatic leans 
for reducing the enerty required for heating and 
cooling during periods of nonuse or reduced need 
including, but not limited to, unoccupied periods and 
sleeping hours. Lowering thermostat set points to 
reduce energy consumption of heating systems shall not 
cause energy to be expended to reach the reduced 
setting. 

Other buildings and occupancies: Each systel shall be 
equipp~d with a readily automatic means of shutting off 
or reducing the energy used during periods of nonuse or 
alternate uses of the building spaces or zones served 
by the system. Acceptable·.eans include, but are not 
limited to: 

Manually adjustable automatic timing devices. 
Manual devices for use by operating personnel. 
Automatic control systems. 

9. Air Handling Duct Systea Insulation. Ducts, plenums and 
enclosures installed in or on buildings shall be thermally 
insulated as follows: 

Duct systems, or portions thereof, shall be insulated to 
provide a thermal resistance. excluding air films of R-ll when 
installed outside the conditioned space. A weatherproof barrier 
shall be provided to protect any exterior insulation. All ducts 
for mechanical cooling shall provide a vapor retarder with a 
drycup .rating not greater than 0.05 perm. 

~ 

_/ 

I 
~ 

-., 
EXCEPTIONS, Duct insulation (except where required to 

prevent condensation) is not required in any of the following --! 
cases: 1. When the heat gain or loss of the ducts, without 
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insulation, Hill not increase the energy requirements of the 
building. 

2. Within the HVAC equipment. 
3. Ey.haust air ducts. 

10. Duct Constructionw Duct Hork shall be constructed and 
installed in accordance with Standards RS-15, 'RS-16, RS-17, RS
IB, RS-19 or RS-20, as applicable, and the Uniform Mechanical 
Code. 

A. High-pressure and medium-pressure ducts shall be leak 
tested in accordance Hith the applicable standards in section 
5302 of this chapter with the rate of air leakage not to exceed 
the maximum rate specified in that standard. 

B. When low-pressure supply air ducts are located outside of 
the conditioned space, all joints shall be sealed. All material 
used within the air plenum shall comply with the Uniform 
Mechanical Code. 

C. Automatic or manual dampers installed for the purpose of 
shutting off outside air intakes for ventilation air shall be 
designed with tight shutoff characteristics to minimize air 
leakage. 

11. Piping Insulation. A. All piping installed to serve 
buildings (and within) shall be thermally insulated in accordance 
with Table No. 53-K. For service hot water systems see Section 
5305(d)7. 

EXCEPTIONS: Piping insulation is not required in any of 
the following cases: 1. Piping installed within unitary HVAC 
equipment. 

2. Piping at temperatures between 55 and 100 degrees F. 
3. When the heat loss and/or heat gain of the piping, 

without insulation, does not increase the energy requirements 
of the building or is used as a component of a designed 
Heati ng Systu. 

B. Other Insulation Thickness. Insulation thickness in Table 
No. 53-K is based on insulation having thermal resistance in the 
range of 4.0 to 4.6 per inch of thickness on a flat surfate at a 
lean temperature of 75 degree F. Minilul insulation thickness 
shall be increased for materials having "R" values less than 4.0 
per inch, or lay be reduced for materials having PR" values 
greater than 4.6 per inch. 

(i) For materials with therlal resistance greater than R = 
4.6 per inch, the mlnlmum insulation thickness may be 
reduced as follows: 

4.6 x (Table 5-10 ThiCKness) = Ne" Minimum Thickness 
Actual Resistance 
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(iiI For materials with thermal resistance less than R = 4.0 
per inch, the mInImum insulation thickness shall be 
increased as follows: 

4.0 x (Table 5-10 Thicknessl = New Minimum Thickness 
Actual Resistance 

(iiil Additional insulation with vapor barriers shall be 
provided to prevent condensation where required. 

(dl Service Nater Heating. 1. Scope. The purpose of this 
section is to provide criteria for design and equipment selection 
that will produce energy savings when applied to service water 
heating. 

2. Nater Heaters, Storage Tanks and Boilers. A. Perfor.ance 
Efficiency. Electric storage water heaters shall meet the 
requirements of ASHRAE Standard 90A-BO and be so labeled. 

All electric water heaters in unheated spaces shall be placed 
on an incompressible, insulated surface with a minimum thermal 
resistance of R-10. Electric water heaters placed on floors 
insulated to a minimum of R-10 shall be deemed to meet with this 
requirement. 

B. Insulation. Heat loss froa unfired hot-water storage tanks 
shall be limited to a aaximum of 9.6 Btu/hr/ft of external tank 
surface area. The design ambient temperature shall be no higher 
than 65 degrees F. 

C. Co.bination Service Nater Heating/Space Heating Boilers. 
Service water heating equipment shall not be dependent on year 
round operation of space heating boilers. 

EXCEPTIONS: 1. Systems with service/space heating boilers 
having a standby lass Btu/h less than: 

(13.3 pad + 4001/n 

deter.ined by the fixture count method where: 

pmd probably maximum demand in gallonsihour as determined 
in accordance with Chapter 37 of Standard RS-11. 

n = fraction of year when outdoor daily mean temperature 
exceeds 64.9 degrees F. 

The standby lass is to be determined for a test period of 24 
hour duration while maintaining a boiler water teaperature of 
90 degrees F above an ambient of 60 degrees F and a 5 foot 
stack on appliance. 

2. For systems where the use of a single heating unit will 
lead to energy savings, such unit shall be utilized. 
3. Auto.atic Controls. Service water heating systems shall be 

equipped with automatic temperature controls capable of 
adjustment from the lowest to the highest acceptable temperature 
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settings for the intended use. Teaperature setting range shall 
be in accordance Kith Table 2 in Chapter 37 of Standard RS-ll. 

4. Shutdown. A separate switch shall be provided to perait 
turning off the energy supplied to electric service Kater heating 
systells. 

5. Swi •• ing Pools. A. All pool heaters shall be equipped 
Kith readily accessible ON/OFF sKitch to alloK shutting off the 
operation of the heater without adjusting the theraostat setting. 
Controls shall be provided to allow the Kater teaperature to be 
regulated fro. the lIaxiaua design teaperature dONn to 65 degrees 
F. 

B. Pool Covers. Heated sKiaaing pools shall be equipped Kith 
an approved pool cover. 

6. Puap Operation. Circulating hot water systeas shall be 
controlled so that the circulation pUllp(S) can be conveniently 
turned off, autollatically or aanually, Khen the hot water systea 
is not in operation. 

7. Pipe Insulation. For recirculating systeas, piping heat 
loss shall be theraally insula~ed in accordance with Table 53-K 
for low teaperature applications. 

8. Conservation of Hot Water. A. Showers. Showers used for 
other than safety reasons shall be equipped Kith flaK control 
devices to liait the aaxiaull hot water discharge to 2.75 gpa 
rated at distribution pres5ures fro. 20 to BO psi. 

B. Lavatories in Rest Rooa. of Public Facilities shalll 
(il Be equipped Kith outlet devices which liait the flow of 

hot water to a aaxiaua of 0.5 gpa or be equipped with 
self-closing valves that li.it delivery to a lIaxiauII of 
0.25 gallons of hot Kater for recirculating systeas and 
to a aaxillull of 0.50 gallons for nonrecirculating 
systeu. 

EXCEPTION: Separate lavatories for physically 
handicapped persons shall not be equipped with self
closing valves. 

(iii Be equipped with devices which liait the outlet 
teaperature to a lIaxiaua of 110 degrees F. 

(el Electrical Power and Lighting. 1. General. Electrical 
power and lighting systells shall be deSigned to conserve energy 
as provided herein. 

2. Electrical Energy Consu.ption. In aultifaaily dwellings, 
.prov1s10n shall be aade to. deterlline the electrical energy 
consuaed by each dwelling unit by separately aetering individual 
dwelling units. 

~ EXCEPTION; Hotels, hoteis, college dor'aitories and other 
transient facilities. 
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3. Lighting Power Budget. A lighting power budget is the 
upper limit of the power to be available to provide the lighting 
needs in accordance with the criteria and calculation procedure 
specified herein. 

The lighting power budget for a building shall be the SUI of 
the power limits computed for all lighted interior and exterior 
spaces and shall be determined in accordance with the procedures 
specified in this section. 

EXCEPTIONI R-3 occupancies and the dwelling portions of R
are exempt froa the requireaents of Section 5305(eI3. 

A. Budget Developaent. (il The installed lighting wattage 
for the building shall not exceed the budget level calculated in 
this section. The budget wattage level shall be the sum of the 
interior budget calculated in accordance with subsection 
5305(c13B and the exterior budget calculated in accordance with 
subsection 5305(c13D Lighting wattage includes laap and ballast 
wattage. 

EXCEPTIONs The interior lighting budget for office and 
sales (retail and wholesale) occupancies aay be calculated 
using the procedures in Section 5310 when approved by the 
Building Official. 

(ii) When insufficient inforlation is known about the 
specific use'of the building space, the budget shall be 
based on the apparent intended use of the building 
space. 

B. Building Interiors. (i) The interior lighting budget shall 
be .calculated by lultiplying the' gross floor area, in square 
feet, by the appropriate unit power budget, in watts per square 
foot, specified in Table No. 53-L. 

The lighti~g power budget shall be based on the prilary 
occupancy for which the space within the building is intended. 
If multiple occupancies are intended, the lighting power budget 
for each type of occupancy shall be separately calculated and 
sUlmed to obtain the lighting budget for the interior spaces of 
the building. If a cO.lon circulation area serves lultiple 
occupancies or lultiple retail spaces, the lighting power budget 
for the coalon circulation area shall be the weighted average of 
the lighting power budgets for all other areas on that floor. In 
cases where a lighting plan for only a portion of a building is 
submitted, the interior lighting budget shall be based on the 
gross floor area covered by the plan. 

--
I 

~' 

EXCEPTION: Where the following automatic lighting controls ~ 
are installed for calculation purposes, the installed :~ 
lighting wattage lay be reduced by the following percentages: 
a. For occupant-sensing devices, energy savings of 30 percent 
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shall be allowed 
Ind enclosed by 
conference rool., 
or waiting rool •• 

for any lingle Ipace up to 250 square feet 
ceiling height partitionsl classrools, 
cOlputer rool', storage areal, corridors, 

b. For daylighting cantrall, energy savings of 30 percent 
for continuous dilling and 20 percent for stepped controls 
.hall be allowed for any daylit space. 

c. For IUlen laintenance controls, energy savings of 10 
percent Ihall be allowed for any Ipace. 

d. For daylighting controls with occupant-sensing devices, 
energy lavings of 44 percent Ihall be allowed for any single 
space up to 250 Iquare feet within daylit spacel, and 
enclosed by ceiling height partitions. 

e. For occupant-Ienling devicel with lu.en 
cantrall, energy savings of 37 percent Ihall be 
Iny single space up to 250 square f.et and 
ceiling height partitionl. 

laintenance 
allowed for 
enclosed by 

(ii) Lighting for the following applications Ihall be 
exelpted frol inclulion in the calculation of lighting 
power budgets: 

Stage lighting, l~ghting for art objects, 
entertainlent, or audiovilual presentationl where the 
~ighting is an elsential technical elelent for the 
function perforled. 

Lighting for ledical and dental talks. 
Lighting in areas specifically designed for vilually 

handicapped people. 
For restaurant occupancies, lighting for kitchens 

and food preparation areas. 
Power required for trickle-charging for battery 

powered elergency lighting. 

C. Building ExteriDrs. The exterior lighting budget shall be 
calculated by lultiplying the building perileter in feet by 7.5 
watts per foot. Lighting for parking structure shall be 
calculated at 0.3 watts per gross squar. foot of parking area. 
An allowance for outdoor surface parking and circulations 
lighting lay be added at 0.05 wattl per Iquare foot of area. 
Lighting for signs that are not an integral part of the building 
shall be exelpted frol inclusion in these calculations •. 

4. lighting S.itching. Switching for building lighting 
IYltels shall be designed and installed to perlit efficient use 
of energy and to pereit laxilue flexibility in the use of the 
installed lighting. The following landatory require.ents 
represent the linilul lighting controls fa be installed in Iny 
building. Additional controls should be provided where deeled 
appropriate and where the installation of such controls can 
significantly reduce energy consulption. 
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A. Switching require.ent.. (i) All lighling controls, except 
aulolalic controls or those for special purpose applicalions 
which require trained operators or those which would pose a 
safety problel or a security hazard, shall be installed so as to 
be readily accessible to personnel occupying or using the 
lighting space. 

(ii) The laxilul lighting power thal lay be controlled frol 
a single switch or automatic control shall not exceed 
that provided by a 20 alpere circuit loaded to no lore 
than 80 percent. A master control .~y be installed 
provided the individual switches retain their 
capability to function independently. 

(iii) All lighted spaces enclosed by walls or ceiling height 
partitions and with floor area less than two hundred 
fifty square feet shall be, provided an individual. 
local lighting control or an occupant-sensing autolatic 
control. 

(iv) All lighted spaces with floor area greater than two 
hundred fifty square feet shall be provided with local 
controls to per.it reducing the lighting by no lore 
than one-half or occupant-sensing automatic controls. 

(v) All buiJding areas greater than 200 square feet where 
natural lighting is available shall be provided with 
individual local controls or daylight- or occupant
sensing automalic controls which perlit control of 
lights independent of general area lighting. Either 
individual controls shall be provided for each row of 
lUlinaries parallel to a window wallar controls shall 
be provided for each row of luminaries parallel to a 
window wall or controls shall be provided to reduce the 
lighting in at least two steps to not more than one
half and to completely off in the natural lighting 
area. 

For office and school occupancies, at a minilul, 
lighting serving a zone wit:,in 12 feet of a window wall 
or the zone betwp.~n an interior wall and the window 
wall of less than 12 feet shall cOlply with this 
provi~ion. 

For retail occupancies, 
luminaries nearest the window 
provision. 

at least the 
shall comply 

row of 
with this 

(vi) All display, exhibition or specialty lighting shall be 
controlled independently of general area lighting. 

(vii) All exterior building lighting including facade 
lighting, parking lots, driveways, walkways, shall be 
furnished with automatic controls to reduce or turn off 
all lights during periods of non-use or daylight hours. 
except those required for safety and security. Sign 
lights shall be exempt frol this provision. 
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TABLE NO. 53-B 
CO"PONENT U-VALUE REQUIRE"ENTS FOR 
LOW RISE R1 AND R3 OCCUPANCIES AND 

AND OTHER BUILDINGS LESS THAN 5000 SQ FT 

Clinte Zona 

2 3 

Opaque ceiling .032 .032 .021 
Opaque wall .057 .043 .040 
Floor .029 .029 .029 
Slab Dn gradeS .455 .455 .455 
BelDw grade walls .750 .750 .750 
DDDrs .190 .190 .190 
6lazing 2 .390 .390 .390 

Reference glazing area = .15 x ConditiDned FloDr Area 
Air leakage cDntrDI - Standard (ACH = .35) 

1. F-Values- See 5301(e) fDr definitiDn 
2. 6lazing at 7.5 mph seasonal conditiDns 

TABLE NO. 53-C 

CO"PONENT REQUIRE"ENTS FOR ALL BUILDINGS 

53-B 

OTHER THAN LOW RISE R-1 AND R-3 OCCUPANCIES AND . 
OTHER BUILDINGS LESS THAN 5000 SQ FT 

Space Conditioning System Type 

NDminal Uo Value-EnvelDpe 

GrDss rDDf/ceiling 
Exterior walls in buildings with 
three stDries Dr less 
HDre than three stDries 
Floors over uncDnditioned space 
BelDw grade walls and heated slab 
Dn grade flDors 
Unheated slab on grade floors 

AIR LEAKA6E CONTROL PACKA6E 

Any 

Uo 

Uo 
Uo 

Uo 

R-I0 
R-8 

.08 

.25 

.30 

.05 

STANDARD 
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TABLE NO. 53-D 

ALLONABLE AIR LEAKA6E RATES' 

--------wiNDDws----------REsioENTiAL-oOORsi--NONREsiDENriAl-DOORS 

AIR (cfa\ per SWINGING SLIDING SWINGING. SLIDING, 
LEAKAGE lineal ft (ch per (ch per REVOLVING 
CONTROL of operable lin ft of sq ft of (cft!l per I in 
PACKAGE sash crack) operable doorl ft of crackl 

sash crackl 

Standard 0.3 0.2 0.25 11.0 
Advanced 0.2 0.2 0.10 11.0 

1- When tested at a pressure differential of 1.567 Ib/ft Z , which 
is equivalent to the impact pressure of a 25 mph wind. 

2- Co.pliance with the criteria for air leakage shall be 
deter.ined by Standard RS-2 

TABLE NO. 53-E 

"INI"UK COP AND HPSF FOR HEAT PUKPS, HEATING KDDE' 

SOURCE AND OUTDOOR 
TE"PERATURE (F) 

Air Source-47DB/43WB 
Air Source-17DB/15WB 
Air Source 

Water Source-60 entering 

"INI"UK COP 
LON RISE 
Rl " R3 

2.7 
2.0 

3.0 

OTHER 
OCC 

2.7 
loB 

3.0 

"IN HSPF 

6.B 

1- When tested at the standard rating spec~fied in Table 53~H. 
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TABLE NO. 53-F 

"INI"U" EER AND COP FOR ELECTRICALLY 
DRIYEN HYAC SYSTE" EQUIP"ENT COOLING',· 

53-F 

AIR COOLED EYAP/IIATER COOLED 

, STANDARD RATING CAPACITY 

Under b5.000 Btu/hr 
(19.050 watts) 

b5,000 Btu/hr and over 

COP 

7.8 

8.2 

EER COP EER 

2.28, 8.8 2.58 

2.40 9.2 2.b9 

(' 1- When tested at the standard rating conditions specified in 
Table No. 53-I. 

2- The Depart.ent of Energy has established required test 
procedures for single-phase air-cooled residential central air 
conditioners under 19 KW (65,000 Btu/hr) in capacity, which have 
been incorporated into ARI Standard 210-79. 
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TABLE NO. 53-G 

MINIMUM EER AND COP FOR ELECTRICALLY 
DRIYEN HYAC SYSTEM COMPONENTS' 

WATER CHILLING PACKAGES 

CONDENSING MEANS 

TYPE OF 
COMPONENT 

COMPRESSOR 
TYPE 

Condenser Centrifugal 
Included or rotary 

Reciprocating 

Condenserless Positive 

AIR 

EER COP 

8.00 2.34 
8.40 2.36 

Mater displacement 9.50 2.78 
chillers Reciproc. 9.90 2.90 

Compressor and 
condenser units 
65,000 Btu/hr 
(19,000 watts) Positive 
and over 2 displacement 9.50 2.78 

WATER 

EER COP 

13.80 
12.00 

4.04 
3.51 

11.60 3.40 
12.00 3.51 

12.50 3.66 

HYDRONIC HEAT PUMPS 

Water ~ource under 
65,000 Btu/hr 
(19,000 watts) 

Water source 
65,000 Btu/hr 
(19,000 watts) 
and over 

Centrifugal 
or rotary 

Centrifugal 
or rotary 

9.00 2.64 

9.40 2.75 

53-6 

EVAPORATIVE 

EER COP 

12.50 3.66 

1- When tested at the standard rating conditions specified in 
Table No. 53-J. 

2- Ratings in accordance with Standard RS-14 as applicable. 
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TABLE NO. S3-H 

HYAC SYSTE" HEATING EUUIP"ENT (HEAT PU"PS) 
ELECTRICALLY OPERATED STANDARD RATING CONDITIONS 

TYPE 
CONDITIONS AIR SOURCE 

Air entering equip.ent dF 700B 700B 
Outdoor unit a.bient dF 470B/4311B 17DB/15WB 
Entering water teap. dF 
Nater flow rate 

standard ratings are at sea level. 

TABLE NO. 53-1 

HYAC SYSTE" EUUIP"ENT, 
ELECTRICALLY DRIYEN 

STANDARD RATING CONDITIDNS--COOLING 

DB liB INLET 

Air entering equipaent dF 80 67 
Condenser aabient 

(air tooled) dF 95 75 
Condenser water 

(water cooled) dF as 

Standard ratings are at sea level. 

51 

IIATER SOURCE 

70DB 

60 
As used in 
tooling 

OUTLET 
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TABLE NO. 53-J 

APPLIED HYAC SYSTE" CO"PONENTS 
ELECTRICALLY DRIYEN STANDARD RATING CONDITIONS--COOLING 

ITE" 

CENTRIFUGAL OR 
SELF-CONTAINED 
RECIPROCATING 
IIATER CHILl>ER 

Leaving chilled water 
temperature, deg F 
Entering chilled Mater 
temperature, deg F 
Leaving condenser 
Mater temperature, deg F 
Entering Mater temp., deg F 
Fouling factor, Mater 

Nonferrous tubes 
Steel tubes 

Fouling factor, refrigerant 
Condenser ambient 

(air/evapcooled), deg F 

44 

54 

95 
85 

0.00051 
0.00101 
0.00001 

95D817511B 

Water cooled 

CONDENSERLESS 
REC I PROCA Tl NG 
IIATER-CHILLER 

44 

54 

0.0005 
0.0010 
0.0000 

Cotlpressor 
saturated 
discharge 
tup. 

(evap cooled) deg F 105 

Air cooled, deg F 

Standard ratings are at sea level. 
"I h.ft2 deg F/Btu 
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TABLE NO. 53-K 

MINIMUM PIPE INSULATION 

INSULATION THICKNESS IN 
INCHES FOR PIPE SIZESl 

FLUID RUN I" PIPING 
SYSTEM 
TYPES 

TEMP. OUTS ~ 1.25" 2.5" 5" 8·~ 

RANGE, F - 2" less -2" - 4" -0" lir. 

HEATING " HOT 
WATER SYSTEI1S 

Steaa " hot water 
High pressure/teap 306-450 
l1ed pressure/temp 251-305 
Low pressure/teap 201-250 
Low temperature 100-200 

Steu condensate 
(for feed water) Any 

COOLI NS SYSTEI1S 

1.5 2.5 
1.5 2.0 
1.0 1.5 

.5 1. 0 

1.0 1.0 

Chilled water 40-55 .5 .5 
Refrigerant/brine Below 40 1.0 1.0 

2.5 3.0 3.5 3.5 
2.5 2.5 3.0 3.0 
1.5 2.0 2.0 2.0 
1.0 1.5 1.5 1.5 

1.5 2.0 2.0 2.0 

.75 1.0 1.0 1.0 
1.5 1.5 1.5 1.5 

1- For piping exposed to exterior air, increase thickness by .5". 
2- Runouts not exceeding 12 feet in length to individual units. 
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TABLE NO. 53-L 
LIGHTING POIIER BUDGET 

OCCUPANCY 
GROUP 

OCCUPANCY 
DESCRIPTION 

A-I Assembly w/stage: occupancy of 1000+ 
A-2 Assembly w/stage: occupancy, 1000 
A-2.1 Assembly w/o stage, occupancy of 300 

or more other than B-2 and E 
A-3 Assembly w/o stage: occupancy of less 

than 300 other than B-2 and E 
Drinking and dining establishment 

A-4 Stadiums, reviewing stands and 
alusement park structures not included 
in A or B-1, B-2 and B-3 

A-5 Stage Lighting 
B-1 Gasoline and service stations: includes 

the office, waiting room and pump 
islands plus 5' on each side of the 
island 

Storage garages 
B-2 Office buildings, wholesale stores, 

lunicipal police and fire stations 
Retail stores 

- Less than 1000 ft2 
- 1000-6000 ft2 
- 6000-20,000 ft2 
- over 20,000 ft2 

Drinking and dining establishments: 
occ load of less than 50 

Work shops using material not highly 
flammable or combustible 

Storage and warehouses 
B-3 Aircraft hangars 

Open parking garages 
B-4 Ice plants. power plants, pumping 

plants, cold storage and creameries 
Factories and workshops 
Storage 
Sales rOOls 
Shipyard structures 

E-l Schools and day-care centers 
E-2 Audio-visual presentation lighting 
H-I Storage . 

Handling 
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LIGHTING 
POWER 

BUDGET 
(llith/HZ) 

1.1 
1.1 

1.1 

1.1 
1. 85 

1.1 
Exempt 

2.0 
0.3 

1.5 

4.5 
3.5 
2.5 
1.5 

1. 85 

2.0 
0.7 
0.7 
0.3 

1.0 
2.0 
0.7 
2.0 
0.7 
2.0 
Exempt 
0.7 
2.0 
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TABLE NO. 53-L (continued) 
LIGHTING POWER BUDGET 

OCCUPANCY 
GROUP 

H-2 Storage 

OCCUPANCY 
DESCRIPTION 

Handling, dry cleaning plants. paint 
stores 

Paint shops and spray paintin~ roolls 
H-3 Warehouses 

Other 
H-4 Auto repair and body shops 

Paint spray booths 
H-5 Aircraft repair hangars 
I-I Institutions 
1-2 Ad.inistrative support services 
1-3 Nursing areas 
1-4 Diagnostic, treat.ent, food service 

task lighUng 
R-I Dwelling unit portions 

Other than dwelling unit portions 

R-3 Dwelling unit portions 
Other than dwelling unit portions 

.. 
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LIGHTING 
POWER 

BUDGET 
(nth/HZ) 

0.7 

2.0 
2.5 
0.7 
2.0 
2.0 
5.0 
2.0 
2.0 
2.0 
2.0 

Exempt 
Exempt 
Refer to 

app.occ. 

Exempt 
Refer to 

app.occ . 
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Building Design by Prescriptive Require.ents Approach 

Sec. S30b. (ai Scope. The provisions of this Chapter are 
applicable only to low rise R-l and R-3 Occupancy buildings, 
and other buildings less than 5000 sq. ft., that use electric 
energy for heating and/or cooling. The building shall comply 
with all the requirements of section 5305 except for the 
modifications herein specified. 

(bl Building Envelope ReqUirements. 1. General. The 
building envelope requirements of this Chaoter may be met by 
installing one of the prescriptive packages in Tables No. 53-M, 
53-N, 53-0 for low rise R-3 Occupancy or 53-P for low rlse R-l 
and other buildings less than 5000 SQ.ft. Installed components 
shall meet the following requirements: 

2. Roof/ceiling. Ceilings below vented attics and vaulted 
ceilings shall be insulated to not less than the nominal R-value 
specified for ceilings in Tables No. 53-M, 53-N, 53-0. or 53-P, 
as applicable. Advanced framing shall require that the nominal 
R-value be maintained to the outside of the e~terior building 
envelope. 

3. Above grade exterior lIalls shall be insulated to not less 
than the nominal R-value specified in Tables No. 53-M, 53-N, 53-
0, or 53-P, as applicable. The R-value shall be the total value 
for insulation in stud cavities and/or insulated sheathing. 
Advanced framing shall consist of a minimum of 2x studs at 24" 
o.c. and two stud corners. Headers shall be insulated with rIgid 
insulation of a minimum nomial R-value of R-4!inch. 

4. Beloll grade exterior lIalls surrounding conditioned space 
shall be insulated to not,less than the nominal R-value specified 
for below grade walls in Tables No. 53-M. 53-N, 53-0, or 53-P as 
applicable. 

5. Slab-on-Grade 
perimeter to not less 
slab-an-grade floors 
applicable. 

floors shall be insulated along their 
than the nominal R-value specified for 
in Tables No. 53-M. 53-N, 53~D, or 53-P as 

6. Floors over unconditioned enclosed spaces, such as vented 
crawl spaces, unconditioned basements, and parking garages that 
are not me~hanicallv ventilated shall be insulated to not less 
than the nominal R-value shown for floors over unconditioned 
spaces, enclosed area in Tables No. 53-H. 53-N, 53-0. or 53-P as 
applicable. 

Floors over unconditioned spaces e~posed 
conditions such as building overhangs, open 
enclD~ed parking areas which are Dechanicallv 

to exterior ambient 
parking areas and 

ventilated shall be 
insulated to not less than the nominal R-value shown for 
unconditioned spaces, exposed area Table No. 53-P. 

7. Exterior Doors. A. All exterior doors shall comply with 
the infiltration specifications set forth in Table No. 53-D. 
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B. Exterior doors without glazing shall have the maximum U
value shown in Table No. 53-P as applicable. 

EXCEPTIONS: 1. Insulated metal doors which,are 1-3/4 
inches thick shall be deemed to have a nominal U-value of 
.19; provided that thev are thermally broken, have their 
cores filled with urethane. polystyrene, polyisocyanurate 
foa~ or approved equal. 

2. Wood doors which are 1-3/4 inches thick shall be deemed 
to have a nominal U-value of .4; provided that they have 
solid ~ores and do not have panels less than I-liB inches 
thick. 

B. 61azing. A. The total glazed area shall not exceed the 
percentage of gross floor area specified in Tables No. 53-H. 53-
N, 53-0, or 53-P as applicable. 

B. All glazing shall have a tested U-value not greater ~han 
that specified in Tables No. 53-H, 53-N, 53-0, or 53-P as 
applicable. 

EXCEPTIONS: 1. Glazed areas up to a maximum of 4 square 
feet may be exempted from the thermal transmittance (U) value 
requirement. 

2. Skvlights and glazing in exterior doors which exceed 
the U-value specified for glaz-ing in Tables No. 53-H through 
53-P as applicable may be installed provided their area is 
doubled when calculating compliance with the maximum glazing 
area requirements. 

3. Permanently installed insulated shutters or shades with 
a maximum U-value of 0.2 (R-value of five) may be used to 
achieve U values of 0.40 or lower when installed in 
co~bination with 1lazing having a maximum U value of 0.50. 

C. Effective solar glazing shall not be less than the 
percentage of gross floor area specified in Tables No. 53-H, 53-
N, or 53-0 as applicable and shall comply with all requirements 
of this section. 

(i) The glazing area shall be oriented within 45 degrees of 
true south with no more than 60 percent of the area 
facing between 31 and 45 degrees of true south. 

(iiI The glazing shall be mounted at least 60 degrees up 
from the horizontal. 

(iiil The glazing shall give a transmission coefficient 
greater than or equal to O.BO for visible light or 
greater than equal to 0.73 for total solar radiation 
for a single pane. 

(ivl Documentation in the form of a sun chart, photograph or 
other approved evidence demonstrating that the gla:inQ 
area oriented within 30 degrees of true south shall not 
be shaded for at least 3 hours between the hours of 
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10:00 a.m. and 2:00 p.m. standard time on January 21 
and Harch 21. 

(v) An easement or other means of guaranteeing solar access 
is filed with the builDing department. 

D. Thermal "ass. Thermal mass required for option III in 
Tables No. 53-H. 53-N, and 5-0 shall comply with the following 
minimum requirements. 

(i) Thermal mass shall be distributed in the floors, walls 
and lor ceiling and shall be directly exposed to the 
conditioned space. 

EXCEPTION: 1. Thermal mass covered by finjsh materials 
with a combined R-value no greater than 1.0 

2. Storage mediums not within the space containing the 
qualifying glazing shall be provided with an approved 
natural or mechanical means of transferring the heat to 
the heat storage medium. 

(iiI The heat 
f-hr per 

(iii) The heat 
53-6 or 

storage capacity shall be a minimum of 10 Btul 
sq. ft. of conditioned floor area. 

storage capacity shall be calculated using EQ 
standard engineering practice. 

HS o x SH x Y ••••••••••••••••••••••• Equation 53-6 

WHERE: 

HS Heat Storage. The heat storage capacity available inside 
the insulated space. 

Y Yolume of heat storage components. 
o Density of material inside the insulated shell of the 

building to a depth yielding a thermal resistance of 
R=I, ~xcept in the case of slab floors where only the 
slab itself is credited. Hass located in conditioned or 
unconditioned basements without solar glazing shall not 
be counled. (lbs/cu.ft.) 

(c) Air Leakage. The minimum air leakage control measures 
shall be those specified for the prescriptive package shown in 
Tables No. 53-H, 53-N, 53-0. or 53-P as applicable. 

(d) Building Mechanical Systems. 1. Heat Pump. Air-to-air. 
ground-to-air, or water-lo-air heat pumps installed to comply 
with a prescriptive package set forth in Tables No. 53-H. 53-N, 
and 53-0 as determined by an analYSis consistent with Section 5.2. 
of RS-22. 

EXCEPTION: Air-to-air heat pumps which are listed in the 
Air Conditioning and Refrigeration Institute's (ARI) 
Directory of Certified Unitary Air-Conditioners, Unitary Air 
Source Heat Pumps and Sound Rated Outdoor Equipment as having 
HSPF of 6.8 Btu/watt or greater and a Low Temperature 
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Coefficient of Perfor~ance (COP) of not less than 2.0 shall 
be considered to cO.Dly with the requirements of Tables 53-H, 

f'.. 53-N, and 53-0. 
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TABLE NO. 53-" 
LOM RISE R-3 OCCUPANCIES 

COMPONENT PRESCRIPTIVE OPTIONS FOR ZONE 1 

CO"PONENT 

INSULATION "INI"U" NO"INAL R-VALUE 

Ceiling' 

Ma.ll' 
Below grade walls 

Flat 
Vaul ted 

Interior 
Exterior 

Floor over unconditioned space 
Slab on grade perimeter 

DOORS: Maximum U-value 

GLAZING: 
Maximum tested U-value 
Maximum glazing area (I of floor) 
Minimum effective solar glazing area 
Minimum thermal massz 

HEAT PUMP MINIMUM HSPF 

AIR LEAKAGE CONTROL3 

a_a indicates no requirement 
1- A indicates advanced framing. 
2- Minimum thermal mass in Btu/oF-ftz. 

R3B 
R38 
R19A 
R19 
RIO 
R30 
RIO 

.19 

.40 
lSI 

Std 

OPTIONS 

11 III 

R38 R3B 
R3B R3B 
R24A R19 
R19 R19 
RIO RIO 
R19 R19 
RIO RIO 

.19 

.40 
15% 

Std 

.19 

.50 
IBt 
101 
10 

Std 

IV 

R38 
R38 
R19 
Ri9 
RIO 
R19 
RIO 

.22 

.60 
15% 

6.B 

Std 

3- Std. indicates'Standard Air Leakage Control. See Section 
5305(b14. 
NOTE: Each of the prescriptive options is intended to describe a 
building with a specific feature as noted below: 

Opti on I 
Option I I 
Option III 
Option IV 

Base Case 
Well Insulated Walls 
Passive Solar 
Heat Pump 
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TABLE NO. 53-N 
LOW RISE R-3 OCCUPANCY 

COMPONENT PRESCRIPT lYE OPTIONS FOR ZONE 2 

INSULATION MINIMU" NOMINAL R-YALUE 

Ceil ing' 

Wall ' 
Below grade walls 

Fl at 
Vaulted 

Interior 
Exterior 

Floor over unconditioned space 
Slab floor perimeter 

DOORS: Maximum U-value 

GLAZ ING.: 
. Maxi.u. tested U-value 

Maxi.uft glazing area (I of floorl 
Minimu. effective solar 

glazing area 
MiniDuft thermal mass 2 

HEAT PUMP MINIMUM HSPF: 

AIR LEAKAGE CONTROL3 

OPTIONS 

II III 

R38 R49A R38 
R38 R38 R38 
R24A Rl9A Rl9 
Rl9 R19 Rl9 
R12 R12 R12 
R30 R30 R30 
RlO RlO RIO 

.19 .19 .19 

.40 
15% 

Std 

.40 
15% 

Std 

.40 
18% 

10% 
10 

Std 

1- Zone I. II indicdtes advanced framing. 
2- Mini.u. thermal mass in Btu/deg F-ft2. 

IV 

R38 
R38 
Rl9 
R19 
R12 
R30 
RlO 

.22 

.50 
151 

b.8 

Std 

3- Standard indicates Standard Air Leakage Control. See Section 
5305(bI4. 
NOTE: Each of the prescriptive options is intended to describe a 
building with a specific feature as noted below: 

Option I Base Case 
Option II Well Insulated Ceiling 
Option III Passive Solar 
Option IV Heat Pump 
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TABLE NO. 53-0. 
LOW RISE R-3 OCCUPANCY 

COMPONENT PRESCRIPTIVE OPTIONS FOR ZONE 3 

COMPONENT OPTIONS 

INSULATION "INI"U" NOMINAL R-VALUE II 

Ceiling' Flat R49A R3B 
Vaulted R3B R38 

Wall' R26A R30A 
Below grade walls Interior R19 R19 

Exterior R15 R15 
Floor over unconditioned space R30 R30 
Slab floor perimeter RIO RIO 

DOORS: Maximum U-value .19 .19 

GLAZING: 
Maxi.uI tested U-value .40 ·.40 
Maximum glazing area (I. of floor) 15% 151. 
Minilum effective sOlar 

glazing area 
Minimul thermal mass Z 

HEAT PUMP HINIMUM HSPF: 

AIR LEAKAGE CONTROL3 Std Std 

"-" indicates no requirement 
1- A indicates advanced framing. 
2- Minimum thermal mass in Btu/DF-ftZ. 
3- Std. indicates Standard Air Leakage Control. 
5305(b)4. 

III IV 

R3B R3B 
R3B R3B 
R24 R19 
R19 R19 
R15 R15 
R30 R30 
RIO RIO 

.19 .22 

.40 .40 
1BI. 15% 

101. 
10 

6.8 

Std Std 

See Section 

NOTE: Each of the prescriptive options is intended to describe a 
building with a specific feature as noted below: 

Option I Base Case 
Option II Well Insulated Walls 
Option III Passive Solar 
Option IV Heat Pump 
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TABLE NO. 53-P 
LOW RISE R-l OCCUPANCIES AND 

OTHER OCCUPANCIES LESS THAN 5000 S9 FT 
CD"PONENT PR~SCRIPTIYE STANDARDS 

2 

OPT OPT OPT OPT 
A B A B 

Ceilingl Flat R3B R3B R3B R3B 
Vau I ted R3B R3B R3B R3B 

Wall' R19A Rl9 R24A R24 
Beloll grade wall Interior Rl9 R19 R19 R19 

Ex ter i or RIO RIO R12 R12 
Floor aver uncond. space 

Enclosed R30 R30 R30 R30 
Exposed R3B R3B R3B R38 

Slab floor perillleter RIO RIO RIO RIO 

DOORS: "axillUII U-value .19 .19 .19 .19 

GLAZING: 
"axillulI tested U-value .40 .50 .40 .50 
"axilluift glazing area 

(:< of floor) 15:< 114 15% 11% 

AIR LEAKAGP Std Std Std Std 

53-P 

3 

OPT OPT 
A B 

R49A R49A 
R3B R3B 
R2bA R2b 
R19 R19 
R12 R12 

R30 R30 
R38 R38 
RIO RIO 

.19 .19 

.40 .50 

15:< 111. 

Std Std 

-------_ .. _-_ .. _-----_.---.-._---------------------------------------
"-" indicates no requireaent 
1- A indi cates advanced fralling. 
2- Std. indicates Standard Air Leakage Control. See Section 
5305(b)4. 
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Building Design by Coaponent Point Systea 

Sec. 5307 (a) Scope. The provisions of this Chapter are 
that use electric 
shall comply with 
the aodifications 

applicable only to low rise R-3 Occupancies 
energy for heating and/or cooling. Buildings 
all the requireaents of section except for 
herein specified. 

(b) Calculation Procedure. 1. Coapliance. The component 
point system allows aodification of the prescribed conservation 
levels specified in Table No. 53-B. 

For each building component, the correspondin~ point value of 
that component shall be taken from Table No. 53-Q through 53-Vas 
applicable. Negative points correspond to increased energy 
requirements, and positive points to reduce requirements. For 
components which comply with the base case conservation level. 
the point value will be zero. Calculations shall comply with the 
procedures listed herein. 

EXCEPTION: No trade-off shall be permitted for below grade 
walls or slab on grade. The minimum R-values shall be as 
specified in Table No. 53-H, 53-N or 53-0 as applicable, for 
the base case condition. 

Buildings shall be deemed to comply with requirements of this 
Chapter if the total point value for all components is greater 
than or equal to zero. 

2. Calculation Procedure. A. Coaponents with "ultiple 
Conservation Levels. Points for cases of multiple conditions for 
a given component shall be calculated as an area weighted 
average. 

P [AlP, + A2 P2 + ••• l/A 

WHERE: 

P = weighted average co.ponent points 
Pt ,P2, ••• = points for component condition 1, 2, •••• 
A.,A 2 , ••• = area of component for condition 1, 2, ••.• 
A = total co.ponent area. 

B. Interpolation of Point Values. Component constr-uction 
types which fall between the conservation levels included in 
Table No. 53-Q through 53-V may be linearly interpolated. 
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TABLE NO. 53-Q 
CEILING POINTS 

53-Q 

,f'\ --------------'---------------------------------------------------

Zone 
Std Adv 

FlAt Ceilings 
Zone 2 
Std Adv 

Zone 3 
Std Adv 

-----------------------------------------------------------------
19 
30 
38 
49 
60 

No.inal 
R-Value 

19 
25 
30 
38 
45 
49 

-53 -43 -72 -59 
-14 -2 -19 -2 

0 14 0 19 
11 26 15 36 
17 35 24 48 

Vaulted Ceilings 
lone 1 lone 2 

-71 -96 
-38 -52 
-19 -27 
0 0 
11 15 
21 29 

65 

-128 -113 
-65 -46 
-43 -21 
-25 0 
-15 14 

Zone 3 

-114 
-61 
-32 
0 
17 
35 
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TABLE NO. 53-R 
ABOVE GRADE IIALLS POINTS 

("'"0 INSULATION SHEATHING) 
--------------------------------------------~--------------------

Single Stud lIa11s 
lone 1 lone 2 lone 3 

No.ina1 Sheathing Fraaing Fraaing Fraaing 
R-Value R-Value Std ~dv Std Adv Std Adv 
-----------------------------------------------------------------
11 4 -20 -15 -67 -60 -90 -82 

5 -11 -7 -54 -49 -75 -68 
6 -3 1 -43 -38 -62 -56 
7 4 8 -33 -29 -50 -45 
8 11 13 -25 -21 -40 -35 
9 16 19 -17 -14 -31 -27 
10 21 24 -10 -7 -22 -19 
11 26 28 -4 -1 -15 -12 
12 30 32 2 5 -8 -5 

13 4 -9 -4 -52 -45 -72 -63 
5 -1 4 -41 -34 -59 -51 
b b 10 -31 -25 -48 -41 
7 12 16 -23 -18 -37 -31 
8 18 21 -15 -10 -28 -23 
9 23 26 -8 -4 -20 -15 
10 27 30 -2 2 -13 -8 
11 31 34 4 7 -6 -2 
12 35 37 9 12 0 4 '--' 

19 0 -16 0 -62 -40 -83 -57 
1 -6 7 -48 -30 -67 -46 
2 2 13 -37 -21 -54 -36 
3 9 19 -27 -13 -42 -27 
4 16 24 -18 -6 -32 -18 
5 21 29 -11 0 .' -23 -11 
6 26 32 -4 5 -15 -4 
7 30 35 2 9 -8 0 
8 34 40 8 15 -1 7 
9 38 43 13 20 4 12 
10 41 45 17 24 10 17 
11 44 48 22 27 15 21 
12 47 51 2b 31 19 25 

22 0 -5 11 -47 -24 -66 -39 
1 4 18 -35 -15 ··51 -29 
2 11 23 -24 -8 -39 -20 
3 18 28 -15 -1 -29 -12 
4 23 32 -8 5 -20 -5 
5 28 36 -1 10 -12 1 
6 32 39 5 15 -5 7 

.~ 7 36 43 11 19 2 12 
8 40 45 16 24 8 17 ~ 
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Noainal 
R-Yalue 

22 

Sheathing 
R-Yalul! 

9 
10 
II 
12 

TABLE NO. 53-R (continued) 
WALLS (ABOYE GRADE) POINTS 

Single Stud Nalls 

lone 
Fruing 
Std Adv 

43 
46 
49 
51 

48 
51 
53 
55 

lone 2 
Fruing 

Std Adv 

20 
24 
28 
32 

27 
31 
34 
37 

53-R 

lone 3 
Fraaing 
Std Adv . 

13 
18 
22 
27 

22 
26 
29 
33 

================================================================= 

No.inal 
R-Value 

30 
33 
38 
41 

Zone 

46 
56 
63 
67 

Double Stud Halls 

Zone 2 

24 
39 
48 
54 

Zone 3 

18 
35 
46 
53 

==============================:================================== 

No.inal 
R-Value 

27 
30 

Noainal 
R-Yalue 

11 
19 .,,, 
.. .I 

30 
38 

Strap Walls 

Zone 1 Zone 2 

31 3 
37 12 

--------------

TABLE NO. 53-5 
FLOORS OVER UNCONDITIONED SPACES 

lone 1 lone 2 

-60 -82 
- 24 -33 
-9 -12 

0 0 
11 15 

67 

Zone 3 

-7 
4 

POINTS 

lone 3 

-96 
-39 
-14 

0 
17 
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TABLE NO. 53-T 
DOOR POINTS 

-----------------------------------------------------------------
Zone Zone 2 Zone 3 

with with with 
Description Star. Star. Star. 
-----------------------------------------------------------------
Metal, solid urethane 

core flush w/TB 0 0 2 0 2 
Metal, I-lIBn Danel 

urethane core TB -2 -3 -4 
Metal, ureth core flush 

TB w/double glass -5 -1 -7 -2 -B -2 
Metal, 1-1/B" pnl ureth 

TB wldbl glass -7 -2 -9 -3 -11 -4 
W~od, solid core flush -10 -4 -14 -6 -17 -7 
Metal, ureth core flush 

TB w/single glass -12 -5 -16 -7 -19 -8 
Wood, solid core flush 

wldbl gl ass -13 -6 -18 -8 -21 -10 
Metal, 1-118" pnl ureth 

TB w/sngl gl ass -13 -6 -18 -8 -21 -10 
Wood, 1-1/8" panel -15 -7 -20 -9 -24 -11 
Wood, 1-1/8" panel wi 

dbl glass -18 -9 -25 -12 -29 -14 
Wood, solid core flush 

/ 

w/sngl gl ass -20 -10 -27 -13 -32 -15 -
Wood, hollow core flush -20 -10 -27 -13 -32 -15 
Wood, 7/16" panel wi 

dbl qlass -~3 -11 -31 -15 -36 -18 
Wood, 7/16" panel -26 -13 -35 -17 -41 -20 
Wood. hollow core flush 

w/sngl gl ass -27 -13 -37 -17 -43 -20 
Wood, I-liB" panel wi 

sngl olass -31 -14 -42 .,19 -49 -22 
Wood. 7/16" panel w! 

sngl gl ass -35 -lb -47 -22 -56 -26 

,,-
.. -...../ 
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TABLE NO. 53-U 

(' 
GLAZING POINTS 

-----------------------------------------------------------------
Slilling Percentage (1 of Floor Areal 

Zone Zone 2 Zone 3 
U 

Value 9X 121 151 181 91 121 151 181 91 121 151 181 
-----------------------------------------------------------------
.20 63 71 78 83 87 99 107 113 115 122 127 131 

f'- .22 58 65 71 74 80 90 97 101 107 112 115 116 
.24 53 59 63 65 74 81 86 88 99 I Cd 102 101 
.26 48 52 55 56 67 72 75 76 91 91 89 86 
.28 43 46 47 47 60 64 65 63 83 80 76 71 
.30 38 40 40 38 53 55 54 51 75 70 64 56 
.32 34 33 :,2 29 47 46 43 38 67 60 51 41 
.34 29 27 24 ,~O 4') 37 '"., ,;, .. 25 59 49 38 25 
.36 24 20 16 10 .. ~ 

,;,.J 29 22 12 51 39 25 10 

(1 .38 19 14 8 I 27 20 II 0 43 29 13 -5 
.40 14 8 0 -9 20 11 (I -13 36 18 0 -20 
.42 9 -8 -18 13 2 -II -26 28 8 -13 -35 
.44 4 -5 -16 -28 7 -7 -22 -39 20 -2 -25 -50 
.46 -I -12 -24 -37 0 -15 -33 -52 12 -12 -38 -65 
.48 -6 -18 -32 -47 -} -24 -43 -65 4 -23 -51 -81 

(') .50 -II -25 -40 -56 -13 -33 -54 -78 -3 -33 -64 -96 
.52 -15 -31 -48 --66 -20 -42 -65 -91 -II -43 -76 -III 
.54 -20 -38 -56 -75 -26 -50 -76 -104 -19 -53 -89 -126 
.56 -:-25 -44 -64 -85 -33 -59 -87 -117 -27 -64 -102 ":.141 
.58 -30 -50 -72 -94 -40 -68 -98 -130 -34 -]4 -115 -156 
.60 -35 -57 -80 -104 -46 -76 -108 -143 -42 -84 -127 -171 

() .62 -40 -63 -8a -114 -53 -85 -119 -156 -5,) -94 -140 -186 
.64 -45 -70 -% -123 -59 -94 -130 -169 -57-104 -153 -201 
.66 -50 -76 -104 -133 -66-103 -141 -182 -65-115 -165 -216 
.68 -54 -83 -112 -143 -73-111 -152 -195 -73-125 -178 -231 
.70 -59 -89 -120 -152 -79-120 -162 -208 -8')-135 -191 -247 
.72 -64 -96 -128 -162 -86-129 -173 ':221 -88-145 -203 -262 
.74 -69-102 -136 -171 -92-137 -184 -234 -96-155 -216 -277 
.76 -74-108 -144 -181 -99-'146 -195 -247 -103-165 -229 -292 

(\ .78 -78-115 -152 -191 -105-154 -205 -260 -111-176 -242 -307 
.80 -83-121 -16(1 -200 -112-163 -216 -273 --119-186 -254 -321 
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TABLE NO. 53-V 

AIR LEAKAGE CONTROL II/HEAT RECOVERY VENTILATION POINTS 

Air Leakage Control I 

Standard 
Advanced 

* See Section 5305!bl4. 

Zone 1 

V 
59 

Zone 2 

V 
76 

70 

Zone 3 

o 
87 

......-.. 
~ 
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THE FOLLOWING STANDARDS SHOULD BE ADDED TO CHAPTER 60. 
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NORTHNEST ENERBY CODE STANDARD NO. 25 

Ventilation Systea Installation Standards 

1.0 SCOPE 

These specifications established the minimum ventilation 
systel requirements for design and installation. R-3 
occupancies cOlplying "ith the prqvisions of standard air 
leakage control (Section 5305(b14CI shall comply "ith the 
provisions of Section 3.0 as a minimul or may also comply 
"ith the provlslons of· Section 4.0 or Section 5.0. 
Buildings complying "ith the provisions of advanced air 
leakage control (Section 5305(bI4D) shall co_ply "ith the 
provisions of Section 4.0 or Section 5.0 only. 

2.0 DEFINITIONS 

- AAHX: Abbreviation for an air-to-air heat exchanger. 

- AAHX Sy.tea: All components associated "ith the AAHX 
installation. 

Air, Exhaust: The air stream flo"ing from the 
mechanical ventilation device to the atmosphere, 
consisting ~f stale indoor air; air removed from a 
space and not reused therein. 

Air, FloM distribution: The distribution of air 
"ithin the conditioned space. 

- Air, Indoor: Air contained inside conditioned space. 

Air, Intake: The air stream passing from the 
exterior of the house to the mechanical ventilation 
device. consisting of outdoor air. 

- Air "akeup: . Outside air supplied to replace exhaust 
air. 

- Air, Outdoor: Air taken frol the external atmosphere 
and, therefore, not previously circulated through the 
system. 

Air, Return: The air stream passing from the 
mechanical ventilation device to conditioned space, 
consisting of outdoor air. 
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Air, Supply: The air stream 
mechanical ventilation device to 
consisting of outdoor air. 

passing from the 
conditioned space, 

- Air, Teapered: Air taken fro. the external 
atlosphere that has been warled. 

- Balanced Systea (whole-house): Balanced leans a 
venti lation system in which the floll rate of the 
exhaust air leaving the building is 
supply airfloll rate entering the 
measured at the AAHX within +20 
balancing equipunt and procedures 
certified AAHX systu designer or 
testing equipment. 

- Calibrated Flow "easureaent Devices: 
provide for leasurement of lass flow 
accordance with the Air Movelent 
Association's Standard 210. 

equal to the 
building, as 

percent using 
sped fi ed by a 
manufacturer's 

Devices which 
performed in 
and Control 

- Central Systea: System designed to deliver and to 
exhaust air, in a distribution throughout the house, 
and connected to a central air movelent system. 

Cold Side: 
outdoors, 
device. 

The air streus 
to and fro." the 

going to and from the 
mechanical ventilation 

- Combined Living Areas: Rooms with one half of the 
area of the common walls open and unobstructed and 
provides an opening of not less than one tenth of the 
floor area of the interior room or 25 square feet, 
whichever is greater. 

Damper: A device used to vary the volule of air 
passing through an air outlet, inlet, or duct. 

Diffuser: A terminal device designed to supply air 
to the conditioned space. 

Exchanger, Air-to-Air Heat (AAHX): A device in IIhich 
heat is transferred betlleen tllO air streams. 

- Exhaust Air Heat Pump (EAHP): A heat pUlP system 
that i~ designed and used to ventilate the interior 
envelope of a building and provide a reintroduction 
of energy in the form of potable hot lIater or potable 
hot lIater and space heating. 
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- Flow Balanced Sy.te.: A ventilation syste~ designed 
to avoid an excessive indoor/outdoor pressure 
differential by incorporating both supply and exhaust 
fans which can be adjusted for flow balancing. 

The rate of air flow expressed in cubic 
feet per minute. 

- Flow Syste. Unbalanced: A ventilation system in 
which the flow rates of the exhaust air leaving the 
building are not equal to the supply air entering the 
building. This type of systea produces a negative 
building pressure i~ which the interior air pressure 
is less then the exterior air pressure. 

Unobstructed area for airflow through a 
grill, register, or hood. 

- Grille: An air terainal device used to supply or 
reaove air froa a conditioned space. 

- Hard Mire: Wired directly from the electrical 
junction box without the use of a plug or receptacle. 

- Habitable Roo.: A space or room designed for human 
occupancy, such as a bedroom, living rooa, dining 
room, kitchen, family room, recreation room, or den. 

- Hoods: Exterior wall teraina!s for the air intake 
and the exhaust air flows. 

- NWEC: The Northwest Energy Code promulgated by BPA. 

- Pressure Balanced Syste.: A· ventilation system 
designed to avoid excessive indoor negative pressure 
by incorporating one or more passive air inlets in 
conjunction with exhaust fans. 

Pressure Drop: Static pressure loss in fluid 
pressure (as from one end of a duct to the other, due 
to friction, dyna~ic losses, and changes in velocity 
pressure) •. 

- Readily Accessible: Available to the average person 
in order to maintain, and be accessible without the 
use of tools or ladders. 

Registers: 
daaper. 

An air terainal device with a built-in 
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Sone: The sone is equal in loudness to a pure tone 
of 1,000 cycles per second at 40 decibels above the 
listener's threshold of hearing. 

- Supply: See air, supply. 

- Ventilation: The process of supplying and removing 
air by natural or mechanical means to and from any 
space. Such air mayor may not be conditioned. 

- Ventilation, Continuous: A continuous supply of 
outside air at the specified minimum rate achieved at 
least 23 hours per day. 

- Ventilation, Net: The total supply airflow adjusted 
by the amount of cross leakage to determine the net 
fresh air supply. 

Ventilation Rate (YR): The total volume of air 
introduced into a conditioned space per unit time. 
(SpeCifically: cubic feet per minute (CFHI. 

liar. Side: The air streams 
conditioned space, to and 
ventilation device. 

going to and from the 
from the mechanical 

3.0 NON-HEAT RECOYERY "ECHANICAL YENTILATION SYSTE"S 

3.1 Scope. This section applies to the design and 
installation of non-heat recovery ventilation systems 
for individual dwelling units that are capable of 
providing a minimum rate of vent~lation air to the 
whole-h~use and an increased ventilation rate, on an 

3.2 

intermittent basis, for exhausting indoor 
contaminants in kitchens and bathrooms (spot 
ventilation), when required. Buildings using 
advanced air leakage control may not use non-heat 
recovery ventilation. 

There are four design methods for achieving whole
house and spot ventilation capacity: 

a. Integrated spot and Mhole House Design: This system 
uses one or more of local ventilation fans to provide 
whole house ventilation. Fresh air inlets in bedro'oms 
and undercut doors shall provide the air circulation of 
fresh air through the house to the localized fan. 

76 

'--" 

---

'---

-/ 

'",--

--., 
~' 



('\ 

("\ 

1987 NNEC NWEC STD 25 

b. Ducted Central Exhaust Design:This system uses ,a 
single large multi-speed exhaust fan ducted to bedrooms, 
baths, kitchen and living areas to provide both whole
house and spot ventilation. The fan is controlled to 
provide a high speed, high flow eihaust when needed for 
spot ventilation in the kitchen or bathrooms. The fan 
also operates at a lower flow rate when controlled to 
provide whole house ventilation. 

c. Discrete Spot and Nhole-House Design: This system 
uses separate fans and control systems to provide spot 
and whole house ventilation. 

d. Forced Air Heating/Cooling Systea Integrated Design: 
In this system spot ventilation is provided through bath 
and kitchen exhaust fans but whole house ventilation and 
make up air are provided through integration with the 
forced air heating/cooling system. 

3.3 Design and Installation Requireaents: 

a. Systea Sizing: A mechanical ventilation system shall 
be sized to provide the quantities of exhaust ventilation 
specified in section 5305(bllH. 

b. Nhole House Fan Ratings: Fans used to provide whole 
house ventilation shall be rated for noise and airflow as 
follows: 

1. Noise: All fans used to provide whole-house 
ventilation shall have a tested sane rating of 2.5 or 
less. The noise rating shall be tested at the rated 
capacity operated at 0.1 inches of static pressure. This 
rating may be exceeded if the fan is remotely located 
from the space being ventilated. 

2. Airflow: The fan capacity shall be rated output at 
0.1 inches of static pressure. 

c. Backdraft Daapers:' A tight-fitting backdraft damper 
shall be provide in each exhaust duct and capable of 
closing when the fan is not in use. 

d. Ductwork:Ductwork connected 
shall be installed with minimum 

to the whole house fan 
bends and shall be of 

minimum size per the following table: 
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AIRFLOW (CFM) 
less than or equal to 50 
from 50 to 100 
lIore than 100 

NWEC STD 25 

DIAMETER (inches) 
3.5 
5 
[, 

In climate zones 2 and 3, provisions shall 
deal with condensation and frost build-up 
located outside the conditioned space •. 

be lnade to 
in ducts 

e. Controls: Each ventilation system shall have 
controls for both the spot ventilation fans and the whole 
house fans that meet the following requirements: 

1. Spot venti lation in baths shall be controlled by 
crank timers, dehumidistats, light switches, or as 
approved. Spot venti 1 ation in kitchens should be 
controlled by dehumidistat or crank timers but mav be 
controlled by a manual switch. 

2. The whole house fan shall be controlled to operate 
on an automatic basis and to allow manual operation if 
desired. The automatic control system shall be based 
upon hUllidity levels (dehumidistat) or time (tille of day 
timers or cycle timers) or as approved. The whole house 
fan shall also be connected to a manual override switch 
that allows the occupant to turn the fan on continuously 
or to disable the system if desired. 

f. Makeup Air: 

1. General: The IIlnlmUIl 
shail be equal to the nUlLber 
cfm plus an ~dditional 10 cfm. 

makeup air 
of sleeping 

to be provided 
room times 10 

The makeup air requirement lay be provided by fresh air 
ports. Flow controlled ports designed to provide fresh 
air installed in each rooll requiring make up air: or, 
central makeup air ducts: A central duct providing makeup 
air directly to the return plenum of a forced air 
heating/cooling system and a circulating fan circulates 
the fresh air to the required rooms (used with Forced Air 
Heating/Cooling System Integrated Design). 

2. Source: The source for fresh air makeup shall be 
located to mlnlmlze the potential to draw outdoor air 
pollutants inside during whole house fan operation. The 
source shall also be located to lIinimize the potential 
for excessive .outdoor noise levels being transmitted to 
the interior through the makeup air system. 
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3. Protection: The source' for makeup ai r 
adequate provisions on the exterior connection 
the system against entry by insects, birds, 
other such objects. 

NNEC STD 25 

shall have 
to protect 

leave, or 

4. "ixing/Te.pering: Provisions shall be made to 
temper' the make up air before it is allowed to enter the 
occupied zone. This may be achieved by drawing makeup 
air in through long thin slots to mix with room air, 
direct heating, drawing through a buffered space, or as 
approved. 

5. FloM Control: The makeup air source shall have 
provisions for flo" control to limit excessive air flows 
under normal operation. 

o. Distribution: Adequate provisions to ensure 
distribution of the makeup air to the necessary rooms and 
to the appropriate whole house fans shall be made such as 
undercut doors, ducted exhaust ports, exhaust air 
plenums, etc. 

3.4 Operation Check: The following items will be verifi~d by 
the syst~m installer. 

a. Exhaust airflow and Makeup airflow. 
b. Controls are provided and verified to operate 
according to approved design. 
c. Equipment Identification. 
d. Operation and maintenance are available at 

4.0 AIR-TO-AIR HEAT EXCHANGERS 

4.1 SCDpe: This specificatiDn applies to the design and 
installation of air-to-air heat exchange systems capable 
of meeting ventilation requirements of Section 5305(b)lH 
while providing heat recovery. Spot ventilation 
requirements for baths and kitchens may be met through 
the Air to Air Heat Exchanger or by separate exhaust 
fans. 

4.2 Syste. Design and Installation: 

a •. General: The AAHX shall be specifically designed for 
use in residential buildings, and shall be capable of 
ventilating the conditioned space by introducing outdoor 
air and exhausting indoor air. The outdoor air shall be 
conditioned through an exchange of h~at from the indoor 
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air that is being exhausted to th~ outside of the 
building. 

The overall ventilation rate of any dwelling unit using 
mechanical ventilation capacity and natural air leakage 
shall be a minimum of 0.35 air changes per hour (ACH). 
Buildings complying with the provisions of Advanced Air 
Leakage Control shall be sized based on the assumption 
that the natural air leakage rate for dwellings is 0.1 
ACH for the purpose of calculating the mechanical 
ventilation capacity. 

b. Systea Design: 

1. 6eneral: Systems shall be sized and designed to 
provide the design air change rate to the conditioned 
spaces at the registers according to one of the following 
methods: 

Prescriptive l1ethod: 
to the provisions of 
l1ethod, or, 

The system shall be sized according 
Section 4.2(c) Prescriptive Sizing 

System Design l1ethod: The entire system shall be 
designed and sized for each house submitted using the 
calculated pressure loss or the equivalent length method 
by an approved designer. The system design shall include 
complete duct friction loss calculations, AAHX unit fan 
pressure/flow curves, register and grill pressure drops. 
Documentation including all of the above information 
shall be available for review upon request. 

2. Delivered Capacity: As an overall system, 
including all ductwork and registers, the AAHX system 
shall be designed to be capable of providing a minimum 
installed mechanical ventilation capacity of 0.25 ACH to 
the conditioned space when run continuously. The max{mum 
installed capacity shall be 0.35 ACH when run 
continuously. AAHX systems using' inline duct heaters to 
provide space conditioning may exceed the 0.35 ACH 
capacity limit. 

The AAHX system may exceed 0.35 ACH in capability if the 
system is being used for bath and kitchen exhaust 
ventilation requirements set forth elsewhere. However, 
the system shall only exceed the maximum delivered 
capacity for purposes of exhausting these spaces. 
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3. Type: The AAHX system shall at a minimuM be a BPA 
approved central system type. It shall also comply with 
the uhiform building and uniform mechanical codes. 

4. Supplies: There shall be an air supply to each 
bedroom and one additional habitable conditioned space. 

5. Returns: There shall be, at least, one return 
within the conditioned space. If there are no exhaust 
fans in the kitchen, bathroom, or utility areas, then 
there shall be one return located in each of those 
spaces, allowing the AAHX to serve as the exhaust system. 

o. Sound Attenuation: Vibration arrestors shall be 
installed per manufacturer's recommendations. Flex duct 
shall be included between the unit and the supply duct. 
Acoustical isolation shall be provided between adjacent 
roolls 

c. Prescriptive Sizing "ethod: This section provides a 
method for sizing central system AAHXs and the associated 
ductwork for a mlnlmum installed capacity without 
performing detailed calculations on each system. 

If the system does not conform to all of the provisions 
of this section, then it lust be designed according to 
the Complete System Design Method in Section 4.2(bl. 

Systel Requirements: All of the following conditions 
will be satisfied for each AAHX before the system and 
ductwork can be sized. 

1. Floor ~rea: Each unit shall comply with the 
requirements of Table 4-1. It shall not handle a floor 
area in excess of 3000 sq ft. 

2. Balancing: The stale air and fresh airflow streams 
include balancing dalpers to allow for balancing within 
10 percent. 

3. Exhaust Branch Duct Runs: 
aaxilul of four stale air exhaust 
included in the system. 

A Minimum of one and a 
branch duct runs are 

4. Supply Branch Duct Runs: 
laxilum of five fresh air supply 
included in the system. 

A linimum of three and a 
branch duct runs are 
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5. Straight Duct Run Length: A maxi~um duct run 
length of 100 feet of straight duct fro~ the outside 
hoods to any of the inside registers. 

6. Hain Branch ElboMS: A ~axi.u~ of six 90 degree 
elbows or bends or twelve 45 degree elbows or bends fro~ 
the out~ide intake or exhaust hood to the aain duct run 
between the AAHX and the first branch for either the 
fresh or stale air duct runs. 

7. Branch Duct ElboMs: A maximum of six 90 degree 
elbows or bends or twelve 45 degree elbows or bends tro. 
the tirst branch ott the aain duct run to any register 
for either the fresh or stale air duct runs. 

8. AAHX Hiniaue Design FlaM Rate: The AAH~ from the 
approved list shall be capable of providing the design 
flow rate of 0.25 ACH at 0.3 inches of water equivalent 
external pressure drop. 

Table 25-1 

Design FloM Rate and Duct Size by Conditioned Floor Area 

Conditioned Floor Area Design FloM Rate "inieue Duct Size 
(sguare feet) (ch) Fl ex (i n) Seooth (i n) 

200 7 3 2 
400 13 4 3 
600 20 4 3 
800 27 . 5 4 

1000 33 5 4 
1250 42 5 4 
1500 50 5 4 
1750 58 6 5 
2000 67 6 5 
2250 75 6 5 
2500 83 7 6 
2750 92 7 6 
3000 100 7 6 

d. Unit Location: The AAHX unit shall be located in a 
conditioned space, or as approved. The AAHX unit shall 
be located and installed in such a ~anner so that 
controls, filters, exchanger cores, condensate re.oval 
equipment and wiring are all readily accessible for 
routine maintenance and removal. The AAHX shall be 
located and installed to minimize noise. 
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e. Syste. Control StrAtegy: 

1. General: Control system design and installation 
shall cOMply with all local electrical codes and be 
capable of operating the unit continuously. all controls 
shall be labeled as to function and operation. 

2. Power: A separate power circuit shall be provided 
for the AAHX and the unit which shall be hard wired to 
that circuit if the listing so states. 

3. Dehuaidistat: There shall be a dehuaidistat in the 
systeM located in the general living area away froa the 
aajor humidity sources. The dehumidistat shall increase 
the ventilation rate when activated, 
and shall be adjustable from 30 percent to 80 percent 
relative humidity ~ percent. 

4. OnlOff Switch: A listed onloff switch shall be 
installed and accessible to the occupant. The switch 
shall be clearly marked to indicate its "on" position. 
The onloff switch shall be located next to the 
dehumidistat sensing device and control. If multiple 
switches are used to control the unit, each switch shall 
independently control the unit without interfering with 
any other switches. 

5. Variable Speed Control: Variable speed operation 
or high/low speed setting shall be provided for the AAHXs 
that are being used to meet the exhaust requirements for 
baths andlor kitchens, but is not necessary on the AAHX 
unit that is specifically designed to run in a constant 
"on" aode and which has the capability to provide 0.35 
ACH (including basements). 

f. Ducts and Di stri buti on Systea: 

1. Duels shall be localed within lhe enclosed areas of 
the dwell i ng. 

2. Ducls shall not be located in exterior wall 
cavi ties. 

EXCEPTION: Ducts aay be located in exterior wall 
cavities if a minimum of 2-inch exterior rigid foam 
plastic insulation can be placed between the duct and 
the outside wall surface. 
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3. Warm side ducts that are located in unconditioned 
spaces shall be insulated to not less than R-4. 

4. Cold side intake and exhaust ducts leading from the 
unit shall have an exterior vapor barrier plus a minimum 
of R-4 insulation. Return ducts in unconditioned spaces 
as well as exhaust ducts shall ha~e interior vapor 
barriers. 

5. Uninsulated ductwork shall not be buried in the 
attic or floor insulation. 

EXCEPTION: Uninsulated duct runs located in ~ttics 
or floors may be insulated by covering the duct with 
an equivalent level of insulation as required for the 
floor/ceiling or roof/ceiling provided that the duct 
is located either in the joist cavities or is resting 
directly on the joists. Ducts stacked on other ducts 
shall not be allowed to be insulated by floor/ceiling 
inSUlation. 

6. Ducts shall be designed and installed to .inimize 
pressure drop. Duct runs shall be installed with minimum 
change in direction and a minimum length of material. 

7. Ductwork shall be supported adequately to prevent 
unnecessary bends and sags. Strapping and support of 
ductwork shall be installed as per the Uniform Mechanical 
Code and manufacturer's specifications. Use of duct tape 
or similar materials for support and strapping shall not 
be permitted. 

B. All ducts shall have a mlnlmum nominal interior 
diameter as determined by the prescriptive SiZing 
requirements or as determined by the system design. 

9. If prescriptive SiZing requirements are used. air 
intake ~rilles shall have a mlnlmum free area of 36 
square inches for each 100 CFH of design airflow at the 
air intake. Air outlet grilles shall have a minimum free 
area of 30 square inches for each 100 CFM of design 
airflow at the exhaust hood. 

10. For AAHX's without preheated supply air, all 
supply diffusers installed in frequently occupied rooms 
shall be designed for air-conditioning use, shall be 
ceiling Dutlets or high-wall diffusers, and shall be 
installed in accordance with manufacturer's 
recommendations. Supply diffusers installed in rarely 
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occupied and less thermally sensitive areas may use air 
distribution systems that iinimize air velocity to reduce 
drafts in lieu of air-conditioning design. 

11. Adjustable, tamper-proof registers shall be 
pr,ovi ded. 

12. Balancing dampers shall be installed on the warm 
side of the unit on both air streams, within 2 feet of 
the unit, or an approved alternative that assures 
incoming/outgoing flows are within 10 percent of each 
other. Air distribution adjustment from room-to-room may 
require additional balancing dampers. If the AAHX unit 
is capable of running in an unbalanced mode for defrost 
purposes with an imbalance of no more than 50 percent 
more airflow in the exhaust stream than in the intake air 
stream. 

13. Outside intake and exhaust shall be located at 
least 6 feet from each other, and s~all not be located by 
driveways, carports, Dr areas where contaminated air is 
likely to exist. All hoods shall be a mlnuum of 12 
inches above finished grade and should be protected from 
environmental degradation. Intake and exhaust hoods 
shall incorporate 1/4-inch mesh screen or the equivalent. 
Intake hoods shall be located at least 6 feet away from 
clothes dryers, kitchen and bathroom exhaust fan hoods, 
and shall not be located on roofs. The outside hood 
shall have a backdraft damper. 

g. Condenute: 

1. Condensate removal pIpIng and 
designed and installed according to 
specifications. 

equipment shall be 
the manufacturer's 

2. Condensate removal pIpIng equipment design and 
installation shall comply with all applicable State and 
local -codes. 

3. The condensate lines shall be installed in a space 
where the temperature is maintained above the freezing 
poi n t. 

h. Filters: 

1. The AAHX shall have a particulate filter located on 
the return duct upstream from the AAHX which is adequate 
to prevent contamination of the AAH~ core from gen.ral 
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airborne dust. 

2. The AAHX shall also have a filter sufficient to 
remove the majority of pollens and other'aeroallergens, 
and be located on the intake stream to the AAHX. The 
intake air filter shall be readily accessible for 
maintenance. 

3. Filters shall be installed in accordance with the 
manufacturer's instructions. 

4. One set of clean air filters shall be left with the 
unit for replacement by the occupants. 

4.3 Duct Heaters:AII heating devices used to condition 
airflows in the AAHX system including duct heaters or 
terminal reheaters shall comply with the provisions of 
this Section. 

a. Local Codes: The installation shall ~omply with all 
local building, electrical and mechanical codes. 

b. Unit Listing: The 
approved, or have 
certification. 

duct heater shall be Ul listed, CSA 
an approved equivalent safety 

c. Ducts: Sheet metal or approved ducting shall be used for 
a minimum of 5 feet downstream and I-foot upstream of the 
duct heating unit. 

d. Airflow Capacity: Airflow capacity of the AAHX shall 
meet the following requirements: 

1. Match duct heater specifications, 
2. Not allow duct temperature rises which exceed 67 
degrees F, and 
3. Be able to maintain suitable duct temperatures for 
occupant comfort. 

e. Airflow Distribution: Provisions shall be made to assure 
even airflow across heater elements. 

f. Duct Heater Size: The duct heater shall have a thermal 
output capacity of no greater than 125 percent of the whole
house design heating load. 

g. Controls: A feedback sensing control and/or a manual 
override onloff switch shall be provided that prevents the 
house from overheating and/or prevents entry of cold air 
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h. . Labeh: 
controls. 

NWEC STD 25 

There shall be instructional labels on all 

i. Accessibility: The duct heater shall be easily 
accessible for repair or replaceillent. 

j. Syst .. Design: If a non-packaged system is used, then a 
~ registered professional engineer shall approve the syste~ 

design. 

(\ 

k. "anuals: 
installation 
operation of 
operation of 

Duct heater systeMS shall be accompanied by an 
manual and a homeowner manual describing the 

the heater in conjunction with the AAHX and the 
all controls and safety features. 

4.4 Forced Air Furnace Integration: systems designed and 
installed to use the forced air 'heating system ducting for 
distribution of supply air shall comply with the provisions 
of this section. 

a. Exhaust Ducts: A separate stale air' exhaust duct system 
shall be installed to the AAHX according to the provisions of 
Section 5.2 System Layout. 

b. Supply Duct: The AAHX fresh air supply sh ill 1 be ducted 
to within 12 inches of an undampered return gr ill e of the 
forced air heating system. the supply duct shall not be 
direct! y connected to the undampered return grille of the 
forced air heating systu. 

EXCEPTION: Direct connection .uy be allowed if specified as 
a recommended installation ~y the manufacturer and as 
approved by the participating utility. 

c. Forced air Return Srille Size: The area of the return 
air grille where the AAHX supply air is ducted to shall be at 
least 150 percent of the area of the AAHX fresh air supply 
duct. 

d. Location: The AAHX and the opening in the return grille 
shall be located in a conditioned space. 

e. Fan Control: The forced air heating system fan control 
shall allow for two-speed operation including a low speed for 
continuous fresh air distribution as well as the normal high 
speed for heating. The low speed setting. shall be designed 
for continuous operation without affecting occupant comfort. 
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f. Flow Control: Dampers shall be provided to allow a flow 
balanced system. 

4.5 Operation Check: 

a. Syste. Operation: 

1. The installer shall certify that the AAHX system 
operates as designed. The actual flow delivered to the 
conditioned space shall meet the design flow within 10 
percant. 

2. All control devices shall function as intended. 

b. Syste. Balancing: 

1. the installer shall balance the system by measuring 
total volumetric airflow in both flow paths using calibrated 
flow measuring device and by adjusting balancing daapers 
and/or supply register dampers to obtain equal flow rates (~ 

10 percent) in both the supply and exhaust airflow paths. 

2. a means of balancing airflow in branch ducts shall be 
provided where necessary. 

c. Airflow "easurement: 
from each supply register 
possible, to provide an 
the house. 

the airflow rates into the house 
shall be measured and adjusted, if 
even ventil~tion pattern throughout 

d. ·Wiring: All of the control wlrlng and power wlrlng 
connections shall be thoroughly checked out at startup. 

e. Controls: The installer shall provide the homeowner with 
a description of the control setup for the AAHX system. The 
description shall explain the various control devices and 
indicate an initial setpoint. It shall also describe the 
purpose behind each control and suggest methods for adjusting 
setpoints to obtain an acceptable ventilation rate. 

f. "anufacturer Information: 

1. the installer 
complete set of the 
accompanied the AAHX. 

2. The installer 
caution, maintenance, 

shall provide the homeowner with a 
manufacturer-supplied information which 

shall affix all manufacturer-supplied 
operation, etc., labels to the proper 

88 

-', 

''---'' 

'---"" 

/' 

.-

"-, --/ 



1997 NNEe NNEC SHl 25 

location "on the system. 

3. The installer" shall provide the homeowner with a 
written manufacturer's warranty. 

4. the installer shall provide the homeowner with the 
name, address and phone number of the nearest manufacturer's 
representative, and/or the nearest equipment service center. 

1. The four ducts attached to the AAHX shall be labeled as 
to the function. 

2. All controls shall' be labeled. 

h. Certification: 

1. the installer shall certify completion of the 
installation and correct airflow/balancing adjustments by 
completing a form approved by BPA. 

2. The installer shall certify 
manuals providing clear instructions 
for installation and operation for the 
routine maintenance was provided. 

that a complete set of 
and sizing information 
householder to perform 

3. The installer and recipient 
copy shall be provided to the 
manufacturer of the AAHX. 

shall sign the form. A 
homeowner/builder and the 

5.0 EXHAUST AIR HEAT PU"P (EAHP) VENTILATION SYSTEK 

5.1 Scope: This specification applies to the design and 
installation of exhaust air heat pump systems for individual 
dwelling units. Buildings complying with the provisions of 
advanced air leakage control shall comply with all of the 
provisions of this chapter or Section 4.0 Air-to-Air heat 
Exchangers. Spot ventilation requirements for baths and 
kitchens may be met through the exhaust air heat pump system 
or through separate exhaust fans. 

5.2 Design and Installation Requirements: 

a. System Design: the exhaust air heat pump system shall be 
specifically designed for use in residential buildings and 
shall be capable of ventilating the conditioned space by 
extracting air from indoors and providing for the 
introduction of outdoor air. 
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The priDary function of the EAHP system will be to provide 
ventilation inside a closed building by e~tracting interior 
air and running it through a properly sized heat pump to 
reclaim the exhausted heat energy in the form of potable hot 
water. 

A properly sized heat pump is a unit that is designed to 
maintain the minimum ventilation rate as required and is 
capable of supplying all of the domestic hot water needs. 

is an option that may be used in Secondary space heating 
conjunction with the water 
option is to be used, the 
the hot water heater shall 
heating mode. 

heater. If the space heating 
electrical resistance element in 
be disabled during the space 

b. Ventilation Rate: The control system shall be designed 
to be capable of maintainiog the minimum ventilation rate 
required. 

c. Resistance Backup: A resistance backup coil shall be 
provided and shall be sized to be capable of supplying the 
hot water demand load when the heat pump ventilation system 
is not in operation. 

d •. Location: The EAHP system shall be located in a readily 
accessible conditioned space, acoustically isolated, and 
protected against freezing. Ease of mainte~ance and service 
shall be a major consideration when locatihg the heat pump 
unit. The system shall be placed in such a location as to 
optimize operating efficiency and that duct runs from the 
EAHP are as short as possible, minimizing bends and 
restrictions. and in facilitating placement of supply and 
return points. 

e. Supply and Return Points: The EAHP svstem shall be 
designed in such a manner as to provide whole-house 
ventilation and heat recovery. At a minimum, supply shall be 
provided to each bedroom and one general living area. There 
shall be at least one centrally located return point. If 
separate exhaust fans are not installed in baths and 
kitchens, the EAHP shall provide a return in each bath and 
kitchen. Returns in kitchens shall not be placed over 
ranges. 

f. Interior Vents: All air supply and return points within 
the house shall be covered with register/grilles and shall be 
located to reduce the possibility of airflow short circuit 
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between the supply/return lines. air supply registers shall 
be located in the ceiling or high on wall surfaces to provide 
laxilum supply of airflow with minilul discomfort and shall 
direct the airflow parallel to the floor/ceiling surfaces or 
upward toward the ceiling. Return grilles shall have flow 
control dupers. 

g. Exterior Yentll 

1. Hoodl: Intake and exhaust hoods shall be at least 12 
inches above the finish grade. The air intake inlets are 
recollended to be located on the south side of the building 
but not to be located by a driveway or carport. Hoods shall 
be resistant to environmental degradation and shall be 
labeled as. to their proper function (e.g., 'exhaust air'). 
Other locations may be accepted as approved. 

2. Outlid. Yentll The outside air intake vents shall be 
separated frol the outside exhaust vents by at least b feet 
unless properly designed intake and exhaust nozzles allow 
back-to-back placelent with no possible crossflow 
contamination. 

3. Backdran Da.perl A backdraft dalper shall be 
installed in th~ outside exhaust hood. both intake and 
exhaust hoods shall be turned downward to prevent rain and 
snow entry and located where ice forution wi 11 n·ot cau-se 
safety problels. 

h. Duct Layout and Delignl Ducts shall be sized and 
designed according to standard engineering practice. Duct 
installation shall leet all State and local building codes 
for safety and construction. ducting shall have duct joints 
and seams sealed with tape or similar means. Ductwork frol 
the heat PUlP to the outside exhaust shall be installed to 
provide adequate drainage of condensation. 

i. Duct Insulation shall comply with the requirements of 
(I Section 4. 2(e). 

j. Filterll filters shall be installed upstreal of the 
exhaust air heat pUlP equipment in both the intake and return 
airducts and insect screens shall be installed at all outside 
intake and exhaust points. 

k. Condensation: A condensation drain shall be provided for 
the heat pump so that any possible overflow of moisture will 
be piped to a suitable drain and all building codes are met. 
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Any piping used for 
conditioned space and 
freezing drain. 

5.3 Operation Check: 

a. Certification: 
accordance with the Gas 
approved equivalent. 

NWEC STn 25 

condensate control shall be within a 
shall direct condensate to a 'non-

The equip.ent shall be certified in 
Appliance .anufacturer's Association 

b. Warr~nty: The heat pUlP unit shall be provided with a 1- '~ 
year written warranty on parts, a ho.eowner aanual, and 
installation instructions. 

c. Installer Verification: The syste. installer shall 
verify that the system operates as designed. the installer 
shall coaplete a form containing the following items: 
Verification of Airflow, Controls, Equipment Identification, 
Brochures and Operation and Maintenance. 

Referencel: The following docuaents are not all specifically 
referenced' in this specification but are listed to provide 
additional sources of infor.atioh regarding ventilation system 
design and installation. 

- Underwriters Laboratory Inc., Standard (ULI) 
181-1987 - Factory-made Airducts and Connectors 
883 - Fan Coil Units and Room-Fan Heater Units. 
507 - Electric Fans. 

- Uniform Mechanical Code 1985 

- National Electric Code 1985 

- Uniform building Code 1985 

- Canadian Standards Association 
C439-M1985 Standard Methods 

(CSA) Preliminary Standard 
of Test for Rating the 

Perfor.ance of Heat Recovery Ventilators 

- Canadian Standards Association (CSAI C444 -"1985 Installation 
Guidelines for Heat Recovery Ventilators 

- Canadian Standards Association (CSAI C22.2 No. 113-"1984 Fans 
and Ventilators 
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- A.erican Society of Heating, Refrigeration and 
Airconditioning Engineers (ASHRAE) Standard 62-81, 
Ventilation for Acceptable Indoor Air Quality 

- Aaerican Society of Heating, Refrigeration and 
airconditioning Engineers (ASHRAE) Standard 62-81', 
Ventilation for Acceptable Indoor Air Quality 

- Hoae Ventilating Institute, Division of AKCA, Heat Recovery 
Ventilator's Product Certification, Procedure, Heat 
Recovery Ventilator's Perfor.ance Test Standard for 
Ducted Heat Recovery Ventilators 

- Air Moveaent and Control Association (AKCA) 210 Laboratory 
Methods of Testing Fans for Rating. 

- Bonneville POMer Adainistration: Air to Air Heat Exchanger 
Product Specifications (NWEC Standard .26) 
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1.0 SCOPE 

NoRTHMEST ENERGY CODE STANDARD NO. 26 

Bonneville POMer Adainistration 
Air-to-Air Heat Exchangers 

Product Specifications 

NMEe STD 26 

This specification covers self-contained central air-to air 
heat exchangers made of factory-assembled components in which 
heat is transferred between two isolated airstreams. 

2.0 PURPOSE 

The purpose of this specification is to establish minimum 
material and performance requirements for central air-to air 
heat exchangers. This specification establishes minimum 
acceptable levels of perfor~ance based on the test procedure 
in Section 7.0. 

3.0 DEFINITIONS 

For the purpose of this specification, the following terms 
are defi ned: 

- Air-to-Air Heat Exchanger (AAHX): 
ventilate the conditioned space by 
and supplying fresh air and which 
two isolated airstreams. 

A device used to 
exhausting indoor air 
transfers heat between 

- Bonneville: Bonneville Power Administration. 

- Kanufacturer: Person or persons which assemble the 
elements or components of the air-to-air heat exchanger. 

- KCS Progra.s: Hodel Conservation Standard support 
progrus. 

Net Ventilation: The volume of air introduced into the 
conditioned space per unit time. 

4.0 REFERENCES 

Refe~enced standards are as follows: 

Heat Recovery Ventilator Performance Testing Standard for 
Ducted Heat Recovery Ventilators, Home Ventilating Institute 
(HVI), 1987 edition. 
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5.0 GENERAL REQUIREMENTS 

5.1 These specifications are intended to comply with applicable 
existing codes and Federal regulations. In any case where a 
Federal, State or local code or regulation exceeds the 
requirements herein, that code or regulation shall apply. 

5.2 Air-to-air heat exchangers installed under MCS Programs shall 
aeet the criteria defined in this specification. The 
Manufacturer shall be responsible for submitting to 
Bonneville or its designated representative the test 
inforlation for evaluation prior to installation. Once 
accepted under MCS Programs, the product shall be approved 
without resubmittal to Bonneville except as noted in 
Paragraph. 5.3. The unit shall also be proven to coaply with 
uniforl building and uniform mechanical code requirements. 

5.3 Bonneville reserves the right to identify and disapprove for 
use in MCS Programs, any product at any time when it is 
deeaed the product is not satisfactory for future use in MCS 
Programs •. Such disapproval shall be issued in writing and 
shall identify the flaws found in the product. Disapproval 
shall be issued after consultation with the manufacturer. 

b.O PRODUCT REQUIRE"ENTS 

b.l The air-to-air heat exchangers supplied shall be specifically 
designed for use in residential buildings. The unit shall be 
rated for voltage which is nOlinally available in a single 
family residence. Power shall be supplied to the unit 

0. through Underwriter Laboratories' lUll or Canadian Standards 
., Associations' (CSA) or approved equal listed three conductor 

wire (one conductor is ground) either perlanently wired or 
through the use of UL listed electrical cord and a three
prong plug. 

b.2 The lotor(s) shall be matched to the blower(s) and the 
conditions under which the blower(s) operates. The lotor(s) 
shall be listed by UL, CSA or approved equal. The motor(s) 
and blower(s) shall be permanently lubricated. 

6.3 The air-to-air heat exchanger including a defrost lode shall 
be listed by Underwriter Laboratories (UL) or Canadian 
Standards Association (CSA) or approved equal. 

b.4 The ~oaponents of the air-to-air heat exchanger shall be 
easily accessible for routine maintenance. The lotorls), 
bloMer(s), filter(s), and controls shall be accessible 
without removing th. unit, detaching the ductwork, or using 
special tools. 
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6.5 The air-to-air heat exchanger shall have a method of 
condensate reaoval that results froa the operation of the 
heat exchanger. This shall be accomplished using a drain 
system or a comparable le~hanism. 

7.0 TEST REQUIREMENTS 

7.1 The air-to-air heat exchanger shall have test data from an 
approved independent testing agency. Tests shall be 
conducted in accordance with Heat Recovery Ventilator 
Performance Testing Standard for Ducted Heat Recovery 
Ventilators, HOle Ventilatiftg Institute IHVIl, 19B7. 'For 
each product to be approved, the above test shall demonstrate 
compliance with the following criteria: 

Factors 

Net Supply Airflow 
Rate 

Exhaust Air Transfer 
Ratio 

Sensible Recovery 
Efficiency 

Supply Air 
Telperature 
IFl 

32 

32 

32 
Low Temp. Ventilation 

Reduction Factor: 
Supply 
Exhaust 

System Net Air Acceptance 
Pressure Flow Rate Criteria 
lin W.B.l ICFHl 

0.2 Hin 50 CFH 

0.2 Hax 0.10 

50 Hin 0.65 

Hin 0.B5 
Hin 0.B5 

7.2 The air-to-air heat exchanger shall have tested air flow 
~ates of standard air to within +/- 15% CFM, whichever is 
greater, of manufacturer's designed flow rates on both supply 
and exhaust streaes. 

B.O DOCUMENTATION 

B.l The Manufacturer or his distributor shall provide 
consumer a warranty in writing against manufacturing 
for a period of at least one year. The unit shall be 
with a written warranty which is understandable 
Consueer. 

to the 
defects 
shipped 

to the 

B.2 The Manufacturer shall provide two Operation and Maintenance 
instructions with the product, one written for the installer 
and one written for the consumer. Simple and clear 
instructions shall include: 
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1. Range of outdoor temperatures at which the unit is 
designed to operate, 
2. Installation and start-up instructions including options, 
3. Recom.ended operation instructions with air filter 
description, 
4. Routine 
description, 

lIIaintenance instructions with air filter 

5. Trouble-shooting instructions for linor problels, 
b. COlllponent and accessory list, model identification 
inforution, and 
7. Nallle, address and telephone number of the ~anufacturer or 
Distributor authorized to service the product. 

8.3 The air-to-air heat exchanger shall be identified with the 
"anufacturer's name and model name Dr nOmber. 

8.4 The source and direction of air flow shall be perlllanently 
identified on each of the four duct connections for proper 
installation and maintenance. 
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APPENDIX 

The following sections should be placed in the appendix of 
the USC. 
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Radon Kitigation Specifications 
Sec. 5309. (al Scope and Definitions. 1. Purpose. The 

purpose is to establish mlnlmUI criteria for the design and 
installation of radon reduction systels based on lonitored radon 
concentrations in R-3 occupancies which cOlply with the NWEC. 
The mitigation requirements will not be required unl~ss a 
monitoring of the soil around or under the building indicates the 
presence of radon gas. 

2. Definitionl. 
Iiolated Base.ent. A baselent that is physically separated or 

capable of being separated frol the upper floors of the building. 
This includes basements with stairwells to upper floors with a 
closeable door at the upper floor, and penetrations in the 
basement ceiling which are sealed against air leakage to the 
upper floors. 

Net Free Ventilation Openings. The net area of unenculbered 
vent (i.e., the gross area subtracting the area of screen. or 
louversl which provides free air access. 

Perleability, LON. Per.eability is considered low when the 
soil conditions are poorly drained. 

Per.eability, High. Perleability is considered high when the 
soil conditions are well-drained. 

Prellure Field. A system of underslab Dr underground piping 
which is used to create a pressure gradient underneath the slab. 

Sone. The sane is equal in loudness to a pure tone of 1,000 
cycles per second at 40 decibels above the listener's threshold 
of hearing. 

(bl 6eneral Require.ents. 1. 6eneral. Residential buildings 
that do not comply with section 5305(bI16(ii) NWEC shall lonitor 
for the presence of radon gas in accordance with Section 5309(c). 
Those buildings in which a reading of lore than 5 PCil1 shall 
have a radon reduction system designed, installed and lonitored 
to reduce the concentration to a level of 50X of the initial 
reading. 

EXCEPTION: Buildingscolplylng with the applicable Section 
5309(f), 5309(g), or 5309(h) of this chapter. 

2. SYlte.Labeling. A. A label shall be affixed to an 
accessible perlanent, indoor location within each individual 
dwelling unit. 

B. This label shall inforM the 
contains a radon mitigation systel. 
lore information on the systel can be 
(local utility number) 

hOle owner that the house 
The label shall state that. 

obtained by contacting __ __ 

(c) Konitoring for Radon Sas. 1. Konitor: Honitoring shall 
be performed using a Terradex Corporation type SF passive lonitor 
or an approved equal. 

2. Konitoring Period: The radon lonitor Ihall be installed 
within 12 lonths of completion of the home for a linilul of three 
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months during the period of September through March or as 
approved for the monitor being used. 

3. Konitoring Location: The radon monitor shall be installed 
on the first story in the main living area of the home on an open 
shelf or other flat surface, or be suspended from the ceiling 4' 
to 7' a~Qve the floor, away from windows and doors, and away froe 
possible drafts from heating or cooling vents. 

4. Labeling: The monitor shall be tagged with a label 
containing information consistent with the Bonneville Power 
Administration's Residential WeatherIzation Program 
specifications for labeling of radon detectors. 

5. Radon Reduction Systea Requireaent Criteria: After 
monitoring a radon reduction system shall be installed based upon 
the monitored radon level and house type as given in Table 9-1. 

(dl Radon Reduction Systea for Buildings Nith Baseaents. 1. 
Application Criteria. This system shall be used only in 
buildings with a full or partial basement that can be cOlpletely 
isolated from the remainder of the living space and thus be 
placed under a constant positive pressure condition relative to 
the outdoor pressure. 

2. Construction Require.ents. A. Baseaent Isolation. (i) 
Basements shall be isolated frol the living space. 

(iil All holes in the living space floor shall be sealed, 
including plumbing, electrical, structural supports, 
etc. 

(iiil All duct work penetration through occupied floor over 
the basement shall be sealed. 

(iv) All doors separating the basement from the living area 
shall be weatherstripped. 

B. Baseaent Slab Sealing. Perimeter cracks and control joints 
shall be caulked. 

C. Baseaent Nail Sealing. (i) If the exterior side of the 
fbundation is exposed, the exterior of the foundation ~hall be 
damp-proofed and backfilled. 

(ii) The top of hollow block walls shall be sealed with 
ethafoam sill sealer and butyl caulk. 

(iii) The interior of block walls shall be coated with epoxy 
paint or parging. 

(iv) All pipes and electrical penetrations shall be sealed 
with caulk. 

°D. Ventilation shall be by a stand alone pressurization system 
or forced air system integration shall be provided. 

E. (i) Discrete pressuriz.tion system is a permanently 
installed fan, due ted and controlled to pull air from the upper 
living areas and exhaust that air into the baselent. The fan 
shall be listed by an agency, designed for continuous operation, 
and have a sone rating no greater than 2.5. 

(ii) The system shall be sized to pressurize the basement by 
supplying fan ventilation to the basement of a greater 
capacity than the natural air leakage rate of the 
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basement.· As a minimum the quantities listed in table 
53-X shall be provided. 

F. Forced Air Heating Systea in the Section. This section 
only applies to basement pressurization systems which are to be 
integrated with existing forced air heating systems. (i) The 
forced air heating system shall be a closed-loop system. 

(ii) All air for forced air heating system operation shall 
be provided from the living space return air system. 

(iii) A supply air outlet to the basement shall be provided. 
(iv) A permanent fan shall be located in the basement supply 

air outlet to maintain a positive pressure condition 
relative to the outdoor pressure. It shall be readily 
accessible for maintenance and replacement. 

(v) The fan shall operate independent from the forced air 
heating system. 

(vi) The fan shall have a sane rating of 2.5 or less. 
(vii) The size of the fan shall comply with Table 53-X. 

(viii) The fan shall be hard-wired to a separate circuit 
breaker in the main electrical panel. 

(e) Radon Reduction systea for Buildings With Slabs-Dn-Grade. 
1. Purpose. To provide a slab-an-grade system that effectively 
reduces radon entry from the soil beneath the slab by 
establishing a pressure gradient between the soil and the slab. 

2. Construction Requireaents. A. Slab Seding. Periuter 
cracks and control joints shall be caulked. 

B. Slab Holes. (i) One three foot diameter hole in the slab 
shall be provided for every 300 to 700 square foot area, 
depending on the soil permeability. 

(ii) If the soil is of high permeability, a slab hole shall 
be provided for at least every 700 square foot area. 
If the soil is of low permeability, a slab hole shall 
be provided for at least every 300 square foot area. 

(iii) Each slab hole shall be located at least eight (S) feet 
in any direction from any other slab hole. 

(iv) Each slab hole shall fully penetrate the entire slab 
. depth. 

(v) After the hole is made in the concrete, the soil below 
shall be excavated to the diameter of the slab hole to 
a depth of 1 foot and filled with gravel to the level 
of the underside of the slab. A layer of asphalted 
building paper, 6 mil polyethylene film, or an approved 
equal shall be placed on top of the gravel fill in the 
hole to prevent concrete from filling the air spaces in 
the gravel. 

(vi) A 4 inch Schedule 40 PVC pipe long enough to extend 6 
inches downward into the gravel and 2 inches upward 
above the top of the existing slab shall be inserted 
into the gravel. 

(vii) An even coat of epoxy sealant shall then be applied to 
the walls of each slab hole. A non-shrinking grout and 
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bonding agent mixture shall be poured into the slab 
hole around the pipe and on top of the building paper 
to the level of the original slab floor before the 
epoxy sealant has completely cured. 

C. Piping. (il Piping used above the slab shall be four inch 
outside diameter, Schedule 40 plastic sewer pipe, or approved 
equivalent. 

(iiI A pipe shall vertically penetrate the slab in each slab 
hole in conformance with section 5309(eI2B(vil ~ (viiI. 

(iiil A finish bead of silicone shall be applied at all 

(i v I 
pipe/grout joints. 
A piping system shall connect all vertical 
sealed at the joints non-hardening sealant 
sections to form a continuous airflow 
outside. 

pipes and be 
to like pipe 
path to the 

D. Ventilation Fan Requirements. (i) An approved, listed 
exhaust fan, designed for continuous operation, with a sone 
rating of no greater than four, and capable of moving at 
least 50 CFH of air against 0.5 inches of static water pressure 
shall be provided within each pipe system. 

(iiI The direction of air flow in the slab-on-grade system 
shall be dependent on soil permeability. If soil is of 
high permeability, air flow shall be directed from the 
outdoor air into the slab system, thereby pressurizing 
the area under the slab. If the soil is of low 
permeability, air flow shall be directed from the slab 
system into the outside air. 

(iii) All vertical pipes shall be connected and sealed to lie 
pipe sections to form a continuous air flow path to the 
outside. 

(iv) All pipe sections sh~ll be sealed at the joints with 
nonhardening sealant. 

(vI Fans shall be hard-wired to a separate circuit breaker 
in the main electrical panel. 

(vi) Exhaust fans shall be located on the exterior end of 
each pipe system in order to facilitate removal for 
maintenance or replacement, and protected from the 
environment and inadvertent human contact. 

(fl Radon Reduction system for Buildings With CraMlspaces. 1. 
Purpose. To provide crawlspace ventilation system that will 
reduce the concentration of radon in the crawlspace. 

2. Construction Requirements. A. Application Criteria. This 
system shall be 'developed only in buildings with a full or 
partial crawlspace. This mitigation system shall npt be 
installed in homes with crawlspace plenum heating systems. 

B. Crawlspace Isolation. (il All penetrations in the living 
space floor above the crawlspace shall be sealed. 

(iiI All ductwork located in the crawlspace shall be sealed. 
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(ifi) All craHlspaces shall be sealed to be isolated from 
basements, attached garages, or other adjacent enclosed 
spaces. 

C. Crawlspace Ventilation. As a minimum, it shall comply with 
the Uniform Building Code. Baffles shall be installed at 
foundation vent openings to prevent underfloor insulation from 
interfering with air flow. 

D. Ventilating Fan Require.ents. (i) Fans shall be listed by 
an approved agency. 

(ii) Fans shall have a sone rating of no greater than four. 
(iii) Each fan shall be capable of providing the miniaum flow 

rates as listed in Table 53-Y. 
(iv) Fans shall be designed for continuous operation. 

E. Ventilating Fan Installation. (i) A ventilating fan shall 
be hard Hired into a separate circuit breaker in the aain 
electrical panel. 

(ii) Fans shall be oriented in such a way that airflow is 
drawn from the outside of the crawlspace and delivered 
into the crawlspace or vice versa. The airflow 
direction is the choice of the installer/homeowner. 

(iii) Where possible, fans shall be located in exterior 
foundation walls. A large enough crawl space openirig 
shall be provided for maintenance or replace.ent of the 
fan. 
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less than or 
equal to 5 

between 5 
and 10 
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10, up to 20 
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TABLE 53-W 
RADON "ITISATION REQUIRE"ENTS 

House Tv!1.£. 

Any 

Any 

Full 
Crawlspace 

Full 
Isolated 
Baselllent 

Part Crawl
space, part 
basement 

All Others 

Reguireillent 

No requirement. 

A whole house central syste. air 
to-air heat exchanger meeting the 
requireillents of NWEC Standard No. 
25 shall be installed. 

Passive crawlspace ventilation of 1 
sq ft net free ventilating area per 
75 sq ft of floor area shall be 
installed. 

An air-to-air heat exchanger 
meeting the requirelllents of NWEC 
Std 25 and sized for the base.ent 
area shall be installed in the 
basement. 

Passive crawlspace ventilation of 1 
squar~ foot of net free ventilating 
area per 75 square feet of floor 
area shall be installed in the 
crawlspace. The house shall then 
be re-monitored for radon. If the 
re-monitored level does not exceed 
507. of the initial lIIonitored level 
then no additional action is 
necessary. If the re-.onitored 
level exceeds 507. then an air to 
air heat exchanger leeting the 
requirements of NWEC Standard 125 
or a base.ent pressurization syste. 
meeting the requirelllents of Section 
5309(d) or a sub-slab syste. 
meeting the requirements of Section 
5309(e) shall be installed in the 
basement. 

Heated Plenum Crawlspaces: If the 
house has a heated crawlspace used 
as a heating systel pienul then 
ductwork shall be installed to all 
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TABLE 53-II 
RADON "ITI8ATION REGUIRE"ENTS (CONTINUED) 

Radon 
Reading 
(pCUP House Type 

greater than All Others 
10 up to 20 continued 

infinity Full 
Crawlspace 

Full Base
llent isolat
able 

Part Crawl
space, part 
Buuent 

All Others 

Requiruent 

of the floor register. supplied by 
the crawlspace pienul. Pas~ive 

crawlspace ventilation of 1 square 
foot of net free ventilating area 
per 75 square feet of floor area 
shall be installed in the 
crawlspace. 

All other Partial Crawllpacesl 
Passive crawlspace ventilation of 1 
square foot of net free ventilating 
area per 75 square feet of floor 
area shall be installed in the 
crawlspace. The building Ihall 
then be relonitored for radon. If 
the re-Ionitored l.vela exceed 50X 
of the original lonitored level 
then a sub-slab system leeting the 
require~enti of Section 5309(e) 
shall be installed. 

An active crawlspace ventilation 
systel shall be installed. 

A slab on grade systee co.plying 
with Section 5309(e) shall be 
installed. 

An active crawlspace ventilation 
systel .eeting the requirelent of 
section 5309(f) Ihall be installed 
and the house ahall be relonitored 
for radon. If the re-Ionitored 
results are less than or equal to 
SOX of the initial eonitored level, 
then a baseeent prelsuri~ation 
system meeting the requirelentl of 
Section 5309(d) or a slab on grade 
system leeting the requireeents of 
Section 5309(e) shall be installed. 

Heated Pienul Crawlspaces: If the 
house has a heated crawlspace used 
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TABLE 53-W 
RADON KITI6ATION REQUIREKENTS (CONTINUED) 

House Type 

All Others 
continued 

Reguirement 

as a heating system plenum then 
ductNork shall be installed to all 
of the floor registers supplied by 
th~ craNlspace plenum. A craNI
space ventilation system meeting 
the requirements of Section 5309(f) 
shall then be installed. 

All Other Partial CraNlspaces: An 
craNlspace ventilation system meet
ing the requirements of section 
5309 (f) shall be installed. The 
building shall then be remonitored 
for radon. If the remonitored 
levels exceed 507. of the original 
lIIonitored level then a sub sla·b 
system meeting the requirements of 
section 5309(e) shall be installed. 

All other Slab Floors Without 
CraNlspacesl shall have a slab on 
grade system meeting the 
requirements of section 5309(e) 
installed. 
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Table 53-X 
FAN SIZES FOR BASE"ENfl PRESSURIZATION SYSTE"S 

Area (S9.fL) 

250 
500 
750 
1000 
1250 
1500 
1750 
2000 
2500 
3000 
3500 

lbaselent areas at B' height. 
20.4·iir change per hour capacity. 

Flow Rates CFM2 

25 
27 
40 
53 
67 
80 
93 
107 
133 
160 
187 

TABLE 53-Y 
FAN FOR ACTIVE CRAWLSPACE VENTILATION SYSTEMS 

Floll Rites For Various Crillispace Areas And Average Heights 

Area-sf 18" High 24" High 30" High 36" 
or 1 eli or 

250 25 25 25 
500 25 33 42 
750 38 50 62 
1000 50 67 83 
1250 62 83 104 
1500 75 100 125 
1750 88 117 146 
2000 100 133 167 
2500 125 167 208 
3000 150 200 250 
35.00 175 233 292 
4000 200 267 333 
5000 250 333 417 
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High 
more 

25 
50 
75 

100 
125 
150 
175 
200 
250 
300 
350 
400 
500 
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Optional Calculation for Connected Interior Lighting Budget 

Sec. 5310. (a) 6eneral. This calculation procedure may be 
used to determine compliarice with Section 505.3.2 of this code. 
It is intended to permit design flexibility in meeting special 
illumination needs sometimes found in office and sales areas. 
The interior budget calculated using this procedure may be used 
when approved by the Building Official. 

(b) Optional Calculation for "axi.u. Interior Connected 
'Lighting Load. The watts of the building's interior connected 
lighting load shall be no more than the maxilum calculated in 
Saction 5310(b)1. This sactiori shall be used only if the pl~ns 
and specifications submitted under this Code shows the occupancy 
and use in each space. 

1. Calculate the maxilum connected lighting load for lighting 
inside the building envelope as indicated below as.a summation of 
wattage allotment~ determined for individual areas, rools, and 
task locations in the building envelope as shown in the req~ired 
plans, based on .the illulinance category and the room cavity 
ratio (RCR) calculated as shown in Equation 10.1. 

Where: 
H 

L 
W 

RCR = 5H(L + W)/LW •••••••••••••••• Equation 10-1 

RCR = Room Cavity Ratio 
Vertical distance from work plane to 

lighting fixture (FT) 
= Length of room (FT) 
= Width of room (FT) 

A. For offices the appropriate illuminance category for each 
area/activity shall be selected from the Office Lighting American 
National Standard Practice, ANSI/IES RP-l 1982. 

Spaces design~ted for illuminance category F and higher shall 
be identified on the plans and specifications sublitted under 
this Code showing locations of individual tasks and equipment to 
provide illumination of those tasks. 

The illuminance category for visual task requirements selected 
for each task space shall not bJ based upon an incidental task or 
combination of tasks which specify use of a given illuminance 
category or higher when the incidence of these tasks totals less 
than two hours per working day. 

Selection of a higher level illuminance category to accommodate 
poor quality tasks shall be p~rmitted only if task quality cannot 
be improved. Task quality may be improved if the equipment or 
procedure that produces the poor quality task is controlled by 
the occupant. Tasks with quality that cannot be improved are 
generated outside of the control of the business of the occupant 
working with these tasks. a "poor quality task" is a visual task 
that requires illuminanc~ category "E" or greater and is due to 
choice of a writing or printing method that produces characters 
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that are of smaller size or lower contrast than good quality 
alternatives that are regularly used in offices. Poor quality 
tasks include the followint: 

Ditto copy 
Thermal copy, poor copy 
Xerography, 3rd generation or greater 
Thermal printer 
Impact printer, 2nd carbon or later 
Typed print, 2nd carbon or later 
Printing 6 pt type 
Handwritten carbon copies 
Handwritten 14 and harder pencil 

Examples of good quality alternatives which are regularly used 
in offices and which may be selected to replace one of the above 
poor quality tasks include: 

Hileograph and xerograph copy 
Impact printers with good ribbon 
Typed originals in 8 pt and larger type 
Handwritten originals in 12 pencil or pen 

B. For retail and wholesale stores, the lighting power level 
for merchandising and associated service areas of stores as 
defined in Table 1 of the Illuminating Engin~ering Society 
Publication, "RP2" Recommended Practice for Lighting 
Herchandising Areas, shall be the Table 10-1 watts per square 
foot listed for the itluminance categories shown in Table 10-2. 

The watts per square foot value shall be determined as a 
weighted average of the Table 10-1 values based upon the actual 
number of displays in each task area/throw distance category. 

In areas where luminaries must be at or above 15 foot mounting 
heights the allotment may be increased by the following 
multipliers: 

Required Hounting Height (feet) 
15 
16 
17 
18 
19 
20 

Hultiplier 
1. 15 
1. 21 
1. 47 
1. 65 
1. 84 
2.04 

Allotments calculated for floor mounted displays and wall 
mounted displays are separate and any excess wattage above what 
is actually installed for one may not be added to the allotment 
of the other. 

Areas established for 
need not be excluded 

determining feature display allotments 
from calculation of gross sales area 
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allotment. Feature display allotments are in addition to the 
gross sales area allotment. 

EXCEPTIONS: 1.lf detailed do~umentation of actual areas with 
specific dimensions of al feature displays and each luminaire 
designated for each of these displays is provided, the 
feature display allotment may be used up to a maximul of 10 
percent of the gross sales area. 

2. If very valuable merchandise, not directly accessible 
to the customer, is presented as feature displays in floor 
mounted, counter cases that are externally lighted from 
above; an allotment of 20 watts per square foot tiles the 
actual area of lighted case top may be used. Detailed 
documentation on plans must show actual placement with 
specific dimensions of enclosed counter display cases and 
each luminaire designated to provide lighting for each case. 

Note: VerY valuable merchandise includes: jewelry, rare 
coins, small art objects and similar items where selling 
involves customer inspection of very fine detail from outside 
of a locked counter case. 

Office spaces in retail buildings shall have lighting power 
allotments based upon provisions of A above. 

C. For spaces in either office or retail buildings which are 
not covered by prOViSions of Section A or (2) above, the 
appropriate illuminance category shall be selected from the IES 
Lighting Handbook, 1981 Reference Volume, Appendix A, Figure 2-2. 

D. Calculate the allotted watts for each space by multiplying 
the square feet of area by the watts per square foot value for 
the selected illuminance categories A, B, C and D, the entire 
space is allotted the designated watts per square foot value for 
the category. For illuminance categories E and F, a task 
oriented lighting allotment at the designated watts per square 
foot value for the category is allowed a general lighting 
allotment at one-third the designated watts per square foot value 
for the category. For illuminance categories G, H and I, the 
allotted watts per square foot value for the category shall be 
allowed for only the actual task area as shown on the plans. For 
illuminance categories A through F, if values from RCR colulns 
"RCR 3.5 to 7+" are used, calculation of the RCR shall be lade 
from Equation 10-1. 

E. The total allotted 
summation of allotted watts 
illuminance category spaces 
actual design watts, whichever 
illuminance category space. 

watts shall be determined as the 
for all A, B, C, D, E and F 
plus either the allotted watts or 
is smaller, for each G, H and I 

F. Multiple allotlents for the same space are allowed if two 
or more distinctly different lighting systems are required for 
multiple use of the space and ~re independently circuited and 
interlocked to permit only one system to be operated at a time. 
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2. Lighting 
co.pli ance with 
building may be 
Equation 10-2. 

APPEND IX 531 0 

Controls. For the purpose of demonstrating 
Section 1 above, the design lighting watts of the 
adjusted for lighting controls in accordance with 

Equation 10-2 

ACLL • l1iT~'~') - (CNa)(PSAFa) - '" - (CMn)(PSAFn») 
CFA 

Nhere 

ACLL 
NT 
CN t • 2 ••••• n 

PSAF 1 • 2 ••••• " 

CFA 

= adjusted connected lighting load 
total lighting ~atts in building 

: watts of lighting in space 1,2,.,.,n 
with controls as specified in Table 10-3. 
power savings adjusteent factor for 
space 1,2, ••• ,n, as specified in Table 
10-2 
conditioned floor area of the building 
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Table 10-1. NATTS PER SQUARE FOOT VALUES APPLICABLE 
TO OFFICES, RETAIL. NHOLESALE STORES 

Illulinance 
Category** 
A(3) 

B<7.5) 

e(15) 

D(30) 

E(75) 

F (150) 

Task Area 
< 2 fP 
or 

o to 
.2 

.4 

.6 

1.2 

2.8 

5.0 

Throw Distance* 
> B ft 

6(300) 
H(750) 
1(1,500) 

26 
63 

130 

RCR 
3.5 

Watt Per Square 

3.5+ 
.3 

.5 

.8 

1.5 

3.6 

6.0 

Task Area 
L 2 ftz 

13 
33 

RCR 
to 7 

65 

Foot 
RCR 
7+ 

.4 

.8 

1.2 

1.8 

4.7 

10.1 

1 
1 

See 
Note 

1 

I "Throw Distance" is defined as distance, documented on plans; 
between IUlinaire and center of lighted plane on a feature 
display. 
It NUlbers in parentheses are the lid-range footcandle levels 
for the illuminance category. 

NOTES TO TABLE 10-1: 

1. Haxilum connected lighting load for these tasks shall 
be based on a combination of general and task-oriented 
lighting. Lighting for these tasks or retail feature 
displays shall be obtained by local lighting, and shall be 
confined to the specific task area, which shall be 
described. For store feature displays, each feature 
display and identification of its lighting equiplent shall 
be shown on plans. Any lighting power allotlent deterlined 
for these tasks, that is lore than the lighting power level 
actually installed, shall not be applied to other task 
areas. 
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TABLE 10-2 

Area or Task Designate is 

11lulinance Category 

Gross Sales Area I ••••••• D 
Valance'Z ••••••••.••••••••• F 
Feature Displays 3 ••••••••• G 
Show Windows ••••••.••••••• G 
All Others •••••• See Section 1001.2.1.3 

FOOTNOTES TO TABLE 10-2: 
1. Gross sales area equals the total of merchandise, display, 

sales transaction, fitting room and associated circulation and 
entry areas. 

2. Valance lighting is defined, for the purpose of deterlining 
its power allotment, as a system of luminaries arranged to 
provide accent lighting power illumination along a wall surface. 
The valance lighting power allotment equals the task-oriented 
watts per square foot value shown for illuminance category F and 
RCR 0 to 3.5 multiplied by the area formed by multiplying a two 

.foot wall surface width times the florescent luminaire length. 
Thi~ is equivalent to 10 ~atts per linear foot times the 
fluorescent luminaire length •. 

Detailed dimensioned documentation on plans must be shown when 
an allotment is taken for more than one tier of valance 
luminaries. To qualify as a separate tier, a minilul of 2 feet 
vertical separation between valances must exist. For valance 
lighting systems using other than fluorescent types of 
luminaries, the area used for the allotment shall be calculated 
as the length of accented wall times a two foot wall surface 
width. 

3. Feature display is defined 
special highlighting to visually 
from the surrounding area. Such 
1,000 square foot are not a 
assessable to customers. 

as an item or items requiring 
attract attention and set apart 
items in stores larger than 

part of merchandise directly 

The lighting power allotment for feature display shall be: 
a. The greater of 1000 watts or the wattage determined by 

lultiplying the Table 10-1 watts per square foot value tiles 5 
percent of the gross sales area; an 
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FOOTNOTES 10-2 CONTINUED 

b. Where lighting is provided for wall .ounted feature 
displays, a separate additional allotment equal to the wattage 
deter.ined by multiplying the Table 10-1 watts per square foot 
value times 10 percent of the total wall area in the gross 
sales area, excluding fitting rooas. When valance lighting is 
installed, the wall display allotment calculation shall exclude 
an area equal to the valance length times six feet for the 
first tier and times two feet for subsequent tiers of valance. 
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TABLE 10-3 ADJUSTKENT FACTORS FOR SPECIAL LIGHTING CONTROLS' 

Control Type Power Savings Applicable 
Adjustment Factor 2 Building Spaces(sl 

Occupant-Sensing 
Devices 3 ,D 

Daylighting Controls 4 • D 

Continuous Dimming 
Stepped Controls 

Programmable Timing 
Controls" 

Lumen Haintenance Controls D 

0.30 

0.30 
0.20 

0.15 

0.10 

Daylighting Controls 4 • D 0.44 
with Occupant Sensing Devices 

Occupant Sensing Devices3 • D 0.37 
with Lumen Haintenance Controls 

FOOTNOTES TO TABLE 10-3: 

Any single space up 
to 250 square feet 
and enclosed by 
ceiling height 
parti tions; 
classroom, 
conference rooms, 
computer rooms, 
storage areas, 
corridors or waiting 
rooms. 

Any daylit spaceb 

Any space 

Any space 

Any single space up 
250 square feet 
within daylit spaces 
and enclosed by 
ceiling height 
partitions 

Any single space up 
to 250 square feet 

and enclosed by ceiling height 
parti tions 

1. Adjustment factor shall be allowed for controls required 
under prOViSions of Section 5305(eI4. Dimming controls of 
incandescent lamps or luminaries shall not qualify. 

n 
~ 

,~, 
( ) 

"--'" 

(J 

o 

o 

f~·· 

( . 
'-

2. Except as shown, only one adjustment factor may be used for ~ 

each building space or luminaire, and 507. or more of the \ J 
luminaire shall be within the applicable space to qualify ~ 
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FOOTNOTES TO TABLE 10-3 CONTINUED: 

for the power savings adjustment factor. These controls lust be 
installed in series with the lights and in series with all lanual 
switching devices in order to qualify for an adjustment factor. 

3. To qualify for the power savings adjustment factor, 
occupant-sensing device shall meet the criteria to Section 
5305(d)lB. Separate sensors and switching must be provided for 
each enclosed space or area. 

4. Daylighting controls shall be able to reduce electric power 
consumption for the controlled lighting to 50 percent or less of 
maximum power consumption, shall control all IUlinaries 
delivering more than 50 percent of its light output to surfaces 
outside daylit spaces. 

5. Lighting controls shall meet the requirements of Section 
5305(d). 

6. The daylit space must be illuminated by either: 
a. Blazing in walls more than 3 feet in vertical extent with 

its highest edge 4 or more feet above the floor of the daylit 
area; or 

b. Blazing in roofs with sash, 2 square feet or lore in 
area. 
7. Programmable timing controls used for credit in conjunction 

with Table 10-2 must be capable of: 
a. Programming different schedules for weekdays and 

weekends; and 
b. Temporary overrides by occupant with automatic return to 

the original schedules. Override controls shall be readily 
accessible; and 

c. Providing independent control of each lighting load which 
is required to be separately controlled Section 5305(d)IB does 
not apply and provisions of Section 5305(d)IE must be met. 
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MEC CONVERSION EQUIVALENT CODE 

FINAL DRAFT - DECEMBER 24, 1986 

CHAPTER 1 

ADMINISTRATION AND ENFORCEMENT 

SECTION 101 

SCOPE AND GENERAL REQUIREMENTS 

101.1 Title 

This code shall be known as the MCS Conversion Standard Equivalent Code, 
and may be cited as such. It is referred to herein as "this code." 

101.2 Intent 

The provisions of this code shall regulate residential buildings whose new 
or enlarged electric service .is for electric space heat and is converted from 
any other fuel. This code shall regulate non-residential buildings, or 
portions thereof, whose new or enlarged electric service is for space 
conditioning. 

Authority for the provisions of this code comes from the Northwest Power 
Planning Council's "Northwest Conservation and Electric Power Plan," 1986, 
Volum.e One, page 9-9, Section 3, "Residential and Commercial Buildings 
Converting to Electric Space Conditioning." 

EXCEPTION: In lieu of the specific provisions of this code, a package of 
efficiency measures which can be shown to achieve savings comparable to 
those which· would be achieved by incorporating all efficiency improvements 
up to the regionally cost-effective level may be substituted. 

Residential provisions of this code are intended to provide the 
flexibility to permit the use of innovative approaches and techniques for 
achieving the efficient use of energy for space heating and hot water 
heating. These provisions are structured to permit compliance by one of up to 
three paths: 

1 
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- A systems approach for the entire building, Chapter 4; 

- A component performance approach for various building elements and 
mechanical systems, Chapter 5; or 

A perscriptive approach, Chapter 6. 

Non-residential provisions of this code require the following: 

Compliance with service water heating minimums, 
- Piping and ducting insulation minimums, 

Lighting power budgets, and 
- Submission of an electric energy audit to the servicing utility or local 

government. 

EXCEPTION: Non-residential customers whose new or enlarged service 
connection is for purposes other than electric space conditioning need not 
submit the electric energy analysis or incorporate efficiency upgrades • 

101. 3 Scope 

This code sets forth minimum requirements for connecting new or enlarged 
electric service for electric space heat in existing residential and 
non-residential buildings. 

EXCEPTION: The code in effect on the date of the permit application will 
remain in effect until the permit expires, is rescinded, or is completed. 

This code is intended to supplement the provisions of the Uniform Building 
Code, the Uniform Mechancial Code, and the National Electrical Code, the 
Uniform Plumbing Code, the Uniform Fire Code, and in case of conflict between 
this code and !my of those codes with respect to the efficient use of 
electricity, the provisions of those codes shall apply. In any case where a 
Federal, state or local code or regulation exceeds this code's requirements 
with respect to securing more efficient USe of electric energy. that code or 
regulation shall apply. 

101.3.1 Exempt Buildings 

Buildings and structures, or portions thereof, meeting any of the 
following criteria shall be exempt from the requirements of this code. 

101.3.1.1 Buildings which are designated as historic landmarks to the 
extent necessary to preserve those features necessary for their historic 
appearance or function. 
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101.3.1.2 Temporary services, construction services; and replacement 
services which do not increase the amperage capacity of the incoming service. 

101.3.3 Where the structural elements of the roof/ceiling, wall or floor 
area are not being replaced, alternations and repairs shall not be deemed to 
comply with opaque envelope standards if all existing framing cavities are 
filled to their full depth with batt insulation or insulation of an equivalent 
nominal R-value while, where necessary, maintaining space for ventilation. 

SECTION 102 

M.~TERIALS AND EQUIPMENT 

102.1 Identification 

Building (M)materials and equipment shall be identified in order to show 
compliance with this code. 

lU2.2 Maintenance Information 

Required regular maintenance actions shall be clearly stated and 
incorporated on a visible label. Such label may be limited to identifying, by 
title or publication number, the operation and maintenance manual for that 
particular model and type of product. Maintenance instructions shall be 
furnished for equipment which requires preventive maintenance for efficient 
operation. 

SECTION 103 

ALTERNATE MATERIALS--METHOD OF CONSTRUCTION, DESIGN OR INSULATING SYSTEMS 

The prOVisions of this code are not intended to prevent the use of any 
material, method of construction, design or insulating system not specifically 
prescribed herein, provided that such construction, design or insulating 
system has been approved by the Building Official as meeting the intent of the 
code. 

EXCEPTION: In cases where a building permit is not necessary, inspection 
by a utility service representative is required. 
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SECTION 104 

PLANS AND SPECIFICATIONS 

The existing building envelope component R values shall be specified and 
may be verified by the Building Official. 

SECTION 105 

ENFORCEMENT AND INSPECTIONS 

105.1 General 

The Building Official is authorized and directed to enforce this code. 
Construction or work for which a permit is required shall be subject to 
inspection by the Building Official in connection with inspections performed 
pursuant to the building, mechanical, plumbing, fire, and electrical codes. 

105.2 Inspection 

Before the utility or any governmental agency shall approve for connection 
any new or enlarged electric service for electric space heat in any 
residential or non-residential building, the Building Official shall be 
contacted to inspect the premises for compliance. 

105.3 Approvals Required 

No new or enlarged electric service to be used for the purpose of 
converting to space heat shall be permanently connected by the utility in a 
non-residential building granted a buiding permit before the adoption of this 
code, without complying with the following: 

- Submitting the results of an electric energy audit performed in 
accordance with section 506 to the Building Official in their format; 

- Requirements for duct and pipe insulation and service hot water heating 
if the system is converted to electric water heating; 

- Lighting power budgets and forms as required if improvements are made to 
the lighting system. 
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SECTION 106 

VALIDITY 

If a section" subsection, sentence, clause or phrase of this code is for 
any reason, held to be unconstitutional, such decision shall not affect the 
validity of the remaining portions of this code. 

SECTION 107 

VIOLATIONS AND PENALTIES 

It shall be unlawful for any person, firm or corporation to convert to 
electric use any building or structure contrary to or in violation of any of 
the provisions of this code. 

Anyone concerned in the violation or failure to comply with these 
provisions, whether directly committing the act or effecting the omission 
constituting the offense or aiding or abetting the same whether present or 
absent; and anyone who directly or indirectly counsels, encourages, hires, 
commends, induces or otherwise procures another to violate or fail to comply 
with these provisions, is and shall be an offender under the terms of this 
code and shall be proceeded against and prosecuted as such. 

SECTION 108 

LIABILITY 

Nothing contained in this code is intended to be nor shall be construed to 
create or form the basis for any liability on the part of 'the enforcing local 
government or utility, for any injury or damage resulting from the failure of 
a building to conform to the provisions of this code, or by reason of in 
consequence of any inspection, notice, order, certificate, permission of 
approval authorized or issued or done in connection with the implementation or 
enforcement of this code, or by ,reason or any action or inaction on the part 
of the local government or servicing utility related in any manner to the 
enforcement of this code or by its officers or agents. 

The Building Official charged with the enforcement of this code, acting in 
good faith and without malice, shall not thereby be personally liable and is 
hereby relieved of all personal liability for any damage that may accrue to 
persons or property as a result of any act required or by reason of any act or 
omission in the discharge of duties. Any suit brought against the Building 
Official or employee because of such act or omission performed while enforcing 
any prOVision of this code shall be defended by legal counsel provided by the 
jurisdiction until termination of such proceedings. 
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CHAPTER 2 

DEFINITIONS 

SECTION 201 

GENERAL DEFINITIONS 

201.1 Application of Terms 

For the purposes of this code, certain abbreviations, terms, phrases, 
words, and their derivations, shall be as set forth in this chapter. 

APARTMENT HOUSE. Any building or portion thereof which contains three or 
more dwelling units. 

ASHRAE. American Society of Heating, Refrigeration, and Air Conditioning 
Engineers, Inc. 

AUTOMATIC. Self-acting, operating by its own mechanism when actuated by 
some impersonal influence, as, for example, a change in current strength, 
pressure, temperature or mechanical configuration. (See MANUAL.) 

BELOW GRADE WALL. A wall or section thereof which encloses conditioned 
space but is not exposed to outdoor air. 

BRITISH THERMAL UNIT (Btu). The amount of heat required to raise the 
temperature of one pound of water by one Fahrenheit degree. 

BUILDING ENVELOPE. The elements of a building which enclose conditioned 
spaced through which thermal energy may be transferred to or from the exterior 
spaces. 

BUILDING OFFICIAL. The official authorized to act in behalf of the 
responsible govenment agency for the enforcement of this code. 

CONDITIONED FLOOR AREA. The horizontal projection of that portion of 
interior space which is contained within exterior walls and which is 
conditioned directly or indirectly by an energy-using system. 

CONDITIONED SPACE. Space within a building which is five (5) feet or more 
in height from finished floor to finished ceiling and which is conditioned 
directly or indirectly by an energy-using system capable of maintaining a 
temperature of 500 F or higher for heating and/or 850 F or below for 
cooling. It shall also include spaces with humidification or dehumidification 
means so as to be capable of maintaining a space condition falling within the 
comfort zone set forth in Standard RS-4. Enclosed corridors between 
conditioned spaces shall be considered as conditioned space. 
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DEGREE DAY, HEATING. A unit, based upon temperature difference and time, 
used in estimating fuel consumption and specifying nominal heating load of a 
building in winter. For anyone day, when the mean temperature is less than 
650 F, there exist as many degree days as there are Fahrenheit degrees 
difference in temperature between the mean temperature for the day and 650 F. 

DWELLING UNIT. (See "Uniform Building Code. ") 

ENERGY. The capacity for doing work; taking a number of forms which may 
be transformed from one into another, such as thermal (heat), mechanical 
(work), electrical and chemical; in customary units, measured in kilowatt 
hours (kWh) or British thermal units (Btu). 

EXTERIOR WALL. A wall, or section thereof, which is exposed to an 
exterior ambient condition and encloses conditioned space. 

FLOOR OVER UNCONDITIONED SPACE (ENCLOSED). A floor which separated a 
conditioned space from an unconditioned space which if buffered from ambient 
weather conditions including vented crawl spaces and unconditioned basements 
or other similar spaces. 

FLOOR OVER UNCONDITIONED SPACE (EXPOSED). 
conditioned space from an unconditioned space 
conditions including open parking garages and· 
mechanically ventilated. 

A floor which separates a 
exposed to outdoor weather 
enclosed garages which are 

GLAZING. All areas' including frames in the shell of a conditioned space 
that let in natural light, including windows, clerestodes, skylights, sliding 
glass doors, glass brick walls, and the glazed portions of ·doors. 

GLAZING AREA. Total area of glazing measured using the rough opening, and 
including the glass, the sash, and the frame. 

GROSS FLOOR AREA. The sum of the area of the several floors of a 
building, including basements, cellars, mezzanine and intermediate floored 
tiers and penthouses of headroom height, measured from.the interior faces of 
exterior walls (see Section 407, Uniform Building Code), but excluding: 

Covered walkways, open roofed-over areas, porches and similar spaces. 
Pipe trenches, exterior terraces or steps, chimneys, roof overhangs and 
similar features. 

GROSS ROOF/CEILING AREA. The sum of the areas of the roof/ceiling 
assembly, consisting of the total interior surface area of all elements, 
including skylights, 'which enclose a conditioned space. 
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GROSS EXTERIOR WALL AREA. The vertical projection of the exterior wall 
area bounding interior space which is conditioned by an energy-using system; 
includes opaque wall, window, and door areas. The gross area of exterior 
walls consists of all opaque walls areas, including foundation walls, between 
floor spandrels, peripheral edges of floors, window areas, including sash, and 
door areas, where such surfaces are exposed to outdoor air and enclose a 
conditioned space including interstitial areas between two such spaces. 

GROUP R OCCUPANCY DIVISION 1. Hotels and apartment houses. 

GROUP R OCCUPANCY DIVISION 3. Detached one- and two-family dwellings and 
lodging houses. 

HEAT STORAGE CAPACITY. The physical property of materials (mass), located 
inside. the building envelope, to absorb, store, and release heat. 

HEATED SPACE. Space within a building which is provided with a positive 
heat supply. Finished living space within a basement or registers or heating 
devices d·esigned to supply heat to a basement space shall automatically define 
that space as heated space. 

HEATING SEASON PERFORMANCE FACTOR (HSPF). The total heating output (in 
Btu) of a heat pump during its normal annual usage period for heating divided 
by the total (watt h.our) electric power input during the same period, as 
determined by test procedures consistent with the U.S. Department of Energy 
"Test Procedure for Central Air Conditioners, Including Heat Pumps" published 
in the December 27, 1979, Federal Register, Vol. 44, No. 24, IOCFR •. 430 When 
specified in Btu per watt .hour an HSPF of 6.826 is equivalent to an HSPF of 
2.0 watt hour per watt hour. 

HVAC. Heating, ventilating, and arr conditioning. 

ILLUMINATION. The density of the luminous flux incident on a surface; it 
is the quotient of the luminous flux by the area of the surface when the 
latter is uniformly illuminated. 

LOW-RISE BUILDING. A building not exceeding three stories of conditioned 
space in height. 

LUMINAIRE. A complete lighting unit consisting of a lamp or lamps 
together with the parts designed to distribute the light, to position and 
protect the lamps and to connect the lamps to the electric power supply. 

MANUAL. Capable of being operated by personal intervention. (See 
AUTOMATIC. ) 

MAY. Hhere "may" is used in a specific provision, that provision is 
permissible. 

NOMINAL R VALUE. The thermal resistance of insulation material only as 
specified by the manufacturer according to the recognized trade and 
engineering standards or approved equivalent. 
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MEC CONVERSION EQUIVALENT CODE 

OPAQUE ENVELOPE AREAS. All exposed areas of a building envelope which 
enclose conditioned space, except openings for windows, skylights, doors, 
glazing, and building service systems. 

OPERABLE WINDOW INSULATION. Movable window covers of insulating material 
which have means to create an edge fit better than a loose fit (i.e., 
interlocking edge, cushion seal, mechanical, or magnetic seal) and with a 
minimum thermal resistance of R-5. 

PERMEABILITY. A measure of the-passage of water vapor through a 
substance. When permeability varies with psychrometric conditions, the "spot" 
.or "specific permeability" defines the property at a specific condition. 
Permeability is measured in per inches. 

PE&~ANCE (PERM). A measurement of water vapor permeability for a 
particular material with a specific thickness. One perm equals the transfer 
of one grain of water vapor through one square foot of material in one hour 
with a one inch mercury vapor pressure difference from one side of the 
material to the other. 

POWER. The rate at which electric energy is transmitted; in customary 
units, measured in watts (W) or British thermal units per hour (Btu/h). 

ROOF/CEILING ASSEMBLY. A roof/ceiling assembly shall be considered as all 
components of the roof/ceiling envelope through which heat flows, thus 
creating a building transmission heat loss or gain, where such assembly is 
exposed to an exterior ambient and encloses conditioned space. This does not 
include elements which are separated from a conditioned space by a vented air 
space. 

The gross area of a roof/c.eiling assembly consists of the total interior 
surface of such assembly, including skylights exposed to the conditioned space. 

SERVICE WATER HEATING. Supply of hot water for domestic or commercial 
purposes other than comfort heating. 

SHADED. Glazed area which is externally protected from direct solar 
radiation by use of devices permanently affixed to the structure or by an 
adjacent building, topographical feature, or vegetation. 

SHALL. Where "shall" is used in specific provisions, that provision is 
mandatory. 

SHOULD. Not mandatory but desirable as good practice. 

SKYLIGHT. A glazed opening in a roof/ceiling assembly, consisting of a 
supporting structure with glass, plastic or similar material tilted up from 
the horizontal less than sixty (60) degrees. 

SLAB-ON-GRADE FLOOR. Any slab poured in contact with the ground and for 
which the top of the finished slab is less than 24 inches below the final 
elevation of the nearest exterior grade. 
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SOLAR ENERGY SOURCE. Source of natural daylighting and of thermal, 
chemical or electrical energy derived directly from conversion of incident 
solar radiation. 

SYSTEM. A combination of central or thermal equipment or components 
and/or controls, accessories, interconnecting means, and terminal devices by 
which energy is transformed so as to perform a specific function, such as 
HVAC, service water heating or illumination. 

THERMOSTAT. An automatic control device actuated by temperature and 
designed to be responsive to temperature. 

THERMAL CONDUCTANCE (C). The thermal transmission in unit time through 
unit average temperature is established between surfaced (Btu/h/ft 2/ OF). 

THERMAL RESISTANCE (R). The reciprocal of thermal transmission 
(Btu/h/ft2/ OF). 

THERMAL TRANSMITTANCE, OVERALL (Uo). The overall coefficient of the 
heat transmission (air-to-air) due only to the difference in indoor and 
outdoor air temperatures of a gross area of the exterior building envelope 
(Btu/h/ft2/ OF). The Uo value applies to the combined effect of the time 
rate of heat flows through the various parallel paths, such as window, doors 
and opaque construction areas, comprising the gross area of one or more 
exterior building components, such as walls, floors or roof/ceiling. 

TRANSMISSION COEFFICIENT. The ratio of the solar heat gain through a 
glazing system to that of an unshaded single pane of double strength window 
glass under the same set of conditions. 

U VALUE. The coefficient of heat transmission (air-to-air). It is the 
time rate of heat flow per unit area and unit temperature difference between 
the warm side and cold side air films (Btu/h/ft 2/ oF). The U Value applies 
to combinations of different materials used in series along the heat flow 
path, single materials that comprise a building section, cavity air spaces and 
surface air films on both sides of a building element. 

VAPOR RETARDER. A layer of low moisture transmissivity material (not more 
than 1.0 perm dry cup) which is placed over the warm side (in winter) of 
insulation, over the exterior of below grade wallS, and under floors as ground 
cover to limit the diffusion of water and water vapor through exterior walls, 
ceilings and floors. The layer mayor may not be an integral part of the 
insulation and mayor may not be continuous. 

VENTILATION. The process of supplying or removing air by natural or 
mechancal means to or from any space. Such air mayor may not have been 
conditioned. 

UTILITY REPRESENTATIVE. The agent authorized to act in behalf of the 
responsible utility. 
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MEC CONVERSION EQUIVALENT CODE 

CHAPTER 3 

DESIGN CONDITIONS 

SECTION 301 

301.1 General 

The criteria of this chapter establish the minimum thermal requirements of 
the exterior envelope. 

301.2 (Reserved) 

301.3 Mixed Occupancy 

When a building houses more than one occupancy, each portion of the 
building shall conform to the requirements for the occupancy housed therein. 
Where minor accessory uses do not occupy more than 10 percent of the area of 
any floor of a building, the major use shall be considered the building 
occupancy. 

)01. 4 Moi sture 

Conversions under the provisions of this code shall not create conditions 
of accelerated deterioration from moisture condensation. 

11 
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SECTION 302 

THERMAL DESIGN PARAMETERS 

302.1 Exterior Design Conditions 

The following design parameters shall be used for calculations required 
under this code: 

EXTERIOR DESIGN CONDITIONS 

Winter1 

Summer1 

Design Dry-bulb 

Design Dry-bulb 
Design Wet-bulb 

DEGREE DAYS HEATING 

DEGREES NORTH LATITUDE 

of 

of 
of 

1 The outdoor design temperature shall be selected from the column of 97.5 
percent values for winter and 2.5 percent values for summer from Table 1, 
Chapter 24, ASHRAE HANDBOOK 1985 FUNDAMENTALS. Adjustments may be made to 
reflect local climates which differ from the tabulated temperatures, or local 
weather experience as determined by the Building Official. 

302.2 Interior Design Conditions 

The indoor design temperature in non-residential buildings shall be 700 F 
for minimum heating and 780 F for maximum cooling. 
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MEC CONVERSION EQUIVALENT CODE 

CHAPTER 4 

BUILDING DESIGN BY SYSTEMS ANALYSIS 

SECTION 401 

SCOPE 

401.1 General 

This chapter establishes design criteria in terms of total energy use for 
space heating by low-rise residential buildings and total energy use, 
including all systems, for non-residential buildings. 

402.1 (Reserved) 

402.2 (Reserved) 

402.3 (Reserved) 

402.4 (Reserved) 

402.5 (Reserved) 

402.6.1 Energy Budgets. A low-rise residential building being converted 
to electric space heat designed in accordance with this section shall be 
desIgned to use no more kilowatt hours (kwh) of electric energy from 
depletable sources than a building of similar desfgn whose envelope and energy 
consuming systems are designed in accordance with chapter 5 of this code. 

402.6.2 Calculation of Energy Consumption. Compliance by means of this 
section shall include documentation which demonstrates that the proposed 
buildings space heating energy use does not exceed the space heating energy 
use of a similar building conforming to chapter 5 of this code. The 
calculation procedure must be approved by the Building Official. 

402.6.3 Input Values. The following standardized input values shall be 
used in calculating annual space heating budgets: 

13 
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Parameter 

Thermostat set point, heating 

Thermostat set pOint, cooling 

Thermostat night set back 

Internal gain from lights, appliances 
and occupants (per dwelling unit) 

Minimum heat storage capacity 

Site shading 

Weather data 

Heating season average wind speed 

Value 

650 F 

78 0 F 

None 

3000 Btu/OF per sq ft 
72,000 Btu/day 

3 Btu/OF per sq ft of 
conditioned floor area 

Actual solar shading for 
the building site 

Typical meterorological 
year (TMY) or other 
appropriate site(s) as 
approved 

7.5 mph (outside) 

402.6.4 Infiltration. Infiltration level used' in the proposed design 
shall be consistent with the infiltration level used in the standard design or 
the designer shall provide documentation for alternate assumptions. 

402.6.5 Heat Pumps. When electricially driven heat pumps using 
depletable energy sources are employed to provide all or part of the heat for 
the alternate design, the standard design shall also assume that an 
electrically driven heat pump having at least the same capacity as that used 
in the alterna~ design. 

The heating season performance factor (HSPF) for heat pumps installed in 
low-rise dwellings and apartments shall be calculated using procedures 
consistent with section 5.2 of the U.S. Department of Energy Test Procedure 
for Central Air Conditioners, including heat pumps published in the December 
27, 1979 Federal Register Vol. 44, No. 24.10 CFR 430. Climate data as 
specified above, the proposed buildings overall thermal performance value 
(Btu/OF) and the standardized input assumptions specified above shall be 
used to model the heat pump-HSPF. 
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MEC CONVERSION EQUIVALENT CODE 

CHAPTER 5 

BUILDING DESIGN BY COMPONENT PERFORMANCE APPROACH 

SECTION 501 

SCOPE 

501.1 General 

Residential buildings being converted to electric space. heat shall follow 
the requirements contained in section 502 and 504 of this chapter and shall 
meet the overall thermal performance requirements specified therein. 

Non-residential buildings shall follow the requirements in section 503, 
504, and 505 of this chapter. 

SECTION 502 

BUILDING ENVELOPE REQURIEMENTS--RESIDENTIAL 

502.1 General 

The building envelope requirement of this code shall be met by installing 
the component package in Table 5-1. The stated Uo of anyone element of a 
building, such as roof/ceiling, wall, or floor, may be increased and the Uo 
for other components decreased, provided that the overall heat gain or loss 
for the entire building envelope does not exceed the .total resulting from 
those in Table 5-1. 

502.2.1 Insulation. All insulation materials shall be placed in the 
building shell in such a manner as to provide for the uniform R value. 
Taperi.ng of ceiling insulation at roof edges is permissible to allow proper 
venting. 

502.2.1.1 (Reserved) 

502.2.1.2 Loose fill insulation may be used in attic spaces where the 
slope of the roof is not less than 2-1/2 feet in 12 feet and there is at least 
30 inches of clear distance from the top of the bottom chord of the truss or 
ceiling joists to the underside of the roof sheathing at the roof ridge. The 
surface of the installed blown or poured insulation shall be baffled. Baffles 
shall be of weather-resistant, rigid material capable of retaining the 
insulation. 
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502.2.1.3 (Reserved) 

502.2.1.4 (Reserved) 

502.2.1.5 (Reserved) 

502.2.1.6 (Reserved) 

502.2.1.7 (Reserved) 

502.2.1'.8 Below grade wall insulation shall extend from the top of the 
wall to the top of the footing or floor siab. If installed on the exterior, 
the below grade wall insulation shall be protected and 'if exposed on the 
interior, it shall comply with Section 1712 of the Uniform Building Code. 

502.2.1.9 Slab-on-grade floor insulation shall extend downward from the 
top of the slab to the design frost line or a minimum distance of 24 inches, 
whichever is greater. If the depth of the footing is less than 24 inches, 
then the insulation shall extend downward to the bottom of the slab or to the 
base of the foundation footing. Insulation shall be of an approved type. 

EXCEPTION: For monolithic slabs, the insulation shall extend downward 
from the top of the slab to the bottom of the thickened edge. 

502.2.2 Ventilation 

502.2.1 Cross ventilation shall be maintained above all ceiling 
insulation installed on the interior of the roof structure by providing both 
low and high vents or gable and vents. Thermal insulation shall not be 
installed in a manner that obstructs required attic ventilation. Enclosed 
joist or rafter spaces formed where ceilings are applied directly to the 
underside of roof joists or rafters must have joists or rafters of sufficient 
size to provide a minimum of one inch clear vented air space above the 
insulation. (See also Section 3205(c) of the Uniform Building Code.) 

502.2.2 Crawl spaces shall be ventilated by openings in· exterior 
foundation walls. Such openings shall have a net area of not less than one 
square foot for each 150 space feet or *underfloor area. Openings shall be 
located as close to corners as practical and shall provide cross ventilation. 
(See Uniform Building Code, Section, 25l6(c)6.) 
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MEC CONVERSION EQUIVALENT CODE 

502.2.3 Moisture Control. Where a vapor retarder is specified, it shall 
be installed facing the conditioned space. 

502.2.3.1 (Reserved) 

502.2.3.2 Exterior ceilings shall have a vapor retarder with 0.5 perm dry 
cup rating or less when thermal insulation is installed. Where ceilings are 
deck and beam construction exposed to the conditioned space, the vapor 
retarder shall be placed on top of the decking • 

502.2.3.3 Floors shall have a vapor retarder installed according to 
manufacturer's specifications and have a dry cup rating of not more than 1.0 
perm when thermal insulation is installed. The vapor r'etarder need not be an 
integral part of the insulation material. 

502.2.3.4 A ground cover of 6 mil opaque polyethylene or other approved 
material with a dry cup rating of not more than 1.0 perm shall be installed on 
the ground in crawl spaces when thermal insulation is :installed. 

502.3.1 Opaque envelope criteria. 

502.3.1.1 Walls. For any low-rise residential building that is 
mechanically heated and/or cooled, the overall thermal transmittance value 
(Uo of the gross wall area of exterior walls shall not exceed the value 
given in Table 5-1. Equations 1 and 2 shall be used to determine acceptable 
combinations to meet this requirement. 

502.3.1.2 Roof/ceilings. For any low-rise residential building that is 
heated and/or mechanically cooled, the overall thermal transmittance value 
(Uo) for the gross roof/ceiling area shall not exceed the value given in 
Table 5-1. Equations 1 and 3 ,shall be used to determine acceptable 
combinations to meet this requirement. 

502.3.1.3 Floors over unconditioned spaces. For any low-rise residential 
building being converted to electric space heat, the overall thermal 
transmittance value (Uo) for floors exposed to outside air, such as floors 
over vented crawl spaces, garages, or overhangs, shall not exceed the value 
given in Table 5-1. For any other low-rise residential building being 
converted to electric space heat, the overall thermal transmittance value 
(Uo) for all other floors over unconditioned spaces shall not exceed the 
value given in Table 5-1. 
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502.3.1.4 Slab-on-grade floors. For slab-on-grade floors. the thermal 
resistance value (R)· of the insulation around the perimeter of the floor shall 
not be less than the value given in Table 5-1. 

502.3.2 Glazing Criteria. 

502.3.2.1 Passive solar exemption. Subject to the following limitations. 
glazing areas in low-rise. dwellings and apartments which qualify by meeting 
all of the criteria below may be exempted from the Uo calculations. 

502.3.2.2 The glazing shall be double glazing at a minimum. Insulating 
glass with at least 1/2 inch air space or approved storm sash shall be 
considered to comply with this code. 

502.3.2.3 The glazing area shall be oriented within 45 degrees of true 

() 

o 

south. ,~ 

502.3.2.4 The glazing area shall be mounted at least 60 degrees up from 
the hori zontal. 

502.3.2.5 The single glazed storm sash shall have a transmission 
coefficient greater than or equal to 0.80 for visible light or 0.73 for total 
solar radiation for a single pane. The insulating glass uni t shall have total 
visible light transmission equal to or greater than 0.67 and ·total solar 
energy transmission equal to or greater than 0.55. 

502.3.2.6 Documentation in the form of a sun chart. photograph or other 
evidence demonstrates that the glazing area oriented within 30 degrees of true 
south must receive direct solar exposure for at least 3 hours between 10 a.m. 
and 2 p.m. solar time on January 21st and March 21st. 

502.3.2.7 Documentation in the form of a sun chart. photograph or other 
evidence demonstrates that the glazing area oriented between 31 and 45 degrees 
east or west of true south must receive direct solar exposure for at least 2 
hours between 9 a.m. and 12 noon solar time if east of south. and 12 noon and 
3 p;m. solar time if west of south on January' 21st and March 21st. 

502.3.2.8 The building or addition shall contain a heat storage capacity 
equivalent to at least 20 Btu/oF for each square foot of solar glazing when 
the qualifying area is between eight (8) and fourteen (14) percent of the 
gross habitable conditioned floor area of the building and at least 45 
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Btu/OF for each square foot of solar glazing when the qualifying area 
exceeds fourteen (14) percent of the gross conditioned floor area of the 
building. This heat storage capacit·y shall be located inside the insulated 
shell of the structure and not covered with insulation materials, such as 
carpet, yielding an R value of 1.0 or greater. If the storage medium is not 
within the space containing the qualifying glazing, an acceptable natural or 
mechanical means of transferring the heat to the heat storage medium shall be 
provided. Where a mass-·or water-wall is located immediately behind the 
glazing, the mass- or water-wall shall be considered as having an acceptable 
natural means of transferring the heat to other heat storage capacity within 
that space. Heat storage capacity shall be calculated using Equation 6 and 
~ccepted anaiysis methods. \ 

502.3.3 Component Tradeoffs for Low-rise Dwellings and Apartments 

The Uo value for a particular component may be decreased, provided that 
the total heat loss or gain for the entire building envelope does not exceed 
the total resulting from conformance to the corresponding Uo values 
specified in Table 5-1. 
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TABLE 5-1 

COMPONENT REQUIREMENTS FOR LOWRISE RESIDENTIAL BUILDING 

CONVERTING TO ELECTRIC SPACE HEAT 

COMPONENT 

Roof/ceiling 
Walls 
Floors OVer unconditioned 

Space-Enclosed 
Exposed 

Slab-on-grade floors 
Unheated (R value) 
Heated (R value) 

GROUP R 
DIVISiON 3 
(Uo Value) 

.028 

.20 

.08 

.035 

5.0 
8.0 

TABLES 5-2 through 5-9 

(Reserved) 
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DIVISION 1 

(U" Value) 
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EQ. 1 

THERMAL TRANSMITTANCE 

U ~ 1 
lIfo + Rl + RZ + ••• Rn + l/fi 

WHERE: 

U 

fo 

fI 

R 

the thermal transmittance of the assembly 

outside air film conductance, 
lIfo = .17 for all exterior surfaces 

inside air film conductance, 
l/fi = .60 for interior horizontal surfaces 
l/fi = .68 for interior vertical surfaces 

~ l +~ = measure of the resistance to the 
C K 
passage of heat from each element 

EQUATION 1 

C conductance, the heat flow through a specific material of 
specific thickness 

K insulation value of a material 

X the thickness of the material 
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EQ. 2 

OVERALL THERMAL TRANSMITTANCE: WALLS 

UwAw + UgAg + UdAd 

Uo =--------~-------------Ao 
EQUATION 2 

WHERE: 

Uo the overall thermal transmittance of the gross wall area 

Ao the gross wall area of exterior walls 

Uw the thermal transmittance of all elements of the opaque 
wall area 

Aw the area of the opaque wall 

Ug the thermal transmittance of the glazing area 

Ag the glazing area, including sash 

Ud 

Ad 

the thermal transmittance of the door 

the door area 

NOTE: Whre more than one type of wall, window, and/or 
door is used, the U and A terms for those items shall 
be expanded into subelements, as: 
UwlAwl + Uw2Aw2 + Uw3Aw3 + ••. etc. 

Calculations shall include the effects of all heat flow paths, such as 
framing members. Wood framing as a percent of opaque wall area is typically: 

- 17 percent for 2-inch studs at 12" o.c. 
- 15 percent for 2-inch studs at 16" o.c. 
- 12 percent for 2-inch studs at 24" o.c. 
- 20 percent for 3-inch studs at 16" o.c. 
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OVERALL THERMAL TRANSMITTANCE: ROOF/CEILING 

U = o 

WHERE: 

...................... EQUATION 3 

the overall thermal transmittance of the gross opaque 
roof/ceiling area 

the gross opaque area of the roof/ceiling assembly 

the thermal transmittance of all elements of the opaque 
roof/ceiling area 

NOTE: Where more than one type of roof/ceiling is used, the 
U x A term for that exposure shall be expanded into its 
subelements, as: 

(UrI x Arl) + (Ur 2 x Ar 2) + (Ur 3 x Ar3) ••• etc. 

Calculations shall include the effects of all heat flow paths, such as 
framing members. Wood framing as a percent of opaque roof/ceiling area is 
typically: 

- 13 percent for 2-inch joists at 12" D.C. 
- 10 percent for 2-inch joists at 16" D.C. 

6 percent for 2-inch joists at 24" D.C. 
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OVERALL THERMAL TRANSMITTANCE: FLOOR 

Uo = 

WHERE: 

(Uf x Af) 

Ao 

Uo 

EQUATION 4 

the overall thermal transmittance of the gross floor over 
unconditioned space 

Ao the gross floor area over an unconditioned floor assembly 

Uf the thermal transmittance of all elements of the opaque floor 
area 

Af the gross floor area of the opaque floor assembly 

NOTE: Where more than one type of floor assembly is used, the U x A 
for that exposure shall be expanded into subelements as: 

(Ufl x Afl) + (Uf2 x Af2) + ••• (etc.) 

Calculations shall include the effects of heat flow paths, such as framing 
members. Framing as a percent of floor area is typically: 

- 13 percent for 2-inch joists at 12" o.c. 
- 10 percent for 2-inch joists at 16" o.c. 

6 percent for 2-inch joists at 24" o.c. 
- 10 percent for 2-inch plank and 4-inch beams at 48" o.c. 
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OVERALL THERMAL TRANSMITTANCE: BUILDING 

UAop equal to or less than UAo • • • • • • • • • • • • • • • • EQUATION 5 

WHERE: 

the overall thermal transmittance of the proposed building's 
envelope calculated as the average of the component Uo derived 
from Equations 2, 3, and 4 using the Uo value for each building 
component proportionally. 

UAo the overall thermal transmittance of the building envelope of the 
standard design calculated as the average of the component Uo 
derived from the Uo values stated in Table 5-1. 

and 

A2 

Uopn 

A2 

the thermal transmittance of building envelope component 1 derived 
using Equations 2, 3, or 4 for the proposed building. 

the area ft 2 of the building envelope Uopl. 

the thermal transmittance of building envelope component 2 derived 
using Equations 2, 3, or 4 for the proposed building. 

the area ft 2 of building envelope component Uop2. 

the thermal transmittance of building envelope component n derived 
using equations 2, 3, or 4 for the proposed building. 

the area ft 2 of building envelope component n. 

the thermal transmittance of building envelope component 1, as 
stated in Table 5-1. 

the area of building envelope component 1 fo,r the proposed building. 

the thermal transmi ttance of bu'ilding envelope component 2, as 
stated in'Table 5-1. 

the area of building envelope component 2 for the proposed building. 

the thermal transmittance of building envelope component n as 
stated in Table 5-1. 

the area ft 2 of building envelope component n for the proposed 
building. 
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HEAT STORAGE CAPACITY 

HS = D x SH x V ••••• ' ••••••••••••••••••• EQUATION 6 

WHERE : 

HS Heat Storage. The heat storage capacity available inside the insulated 
space. 

V Volume of heat storage components. 

D Density of material inside the insulated shell of the building to a 
depth yielding a thermal resistance of R-l, except in the case of slab 
floors where only the slab itself is credited. Mass located in 
conditioned or unconditioned basements withut solar glazing shall not 
be counted. (lbs/cf). 

SH Specific heat of the material (Btu/bl/oF). 
The following quantities provide 10 Btu/oF or heat storage capacity. 

20 square feet of 1/2" gypsum board interior finish of interior walls 
and partitions. 

40 square feet of 1/2" gypsum board on the interior or exterior walls. 

1.5 square feet of 8-inch lightweight concrete masonry wall, insulated 
externally. 

1.5 square feet of 4-inch nominal concrete slab floor with tile 
terrazzo, or plain finish. 
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SECTION 503 

BUILDING MECHANICAL SYSTEMS--NON-RESIDENTIAL 

503.1 (Reserved) 

503.2 (Reserved) 

503.3 (Reserved) 

503.4 (Reserved) 

503.5 (Reserved) 

503.6 (Reserved) 

503.7 (Reserved), 

,503.8 (Reserved) 

503.9 Air-handling Duct Systems Insulation 

Duct systems, or portions thereof, shall be insulated to provide a thermal 
resistance, excluding air films, of R-4 when not installed within conditioned 
space. A weatherproof barrier shall be provided to protect any exterior 
insulation. All ducts for mechanical cooling shall provide a vapor retarder 
with a drycup rating not greater than 0.05 perm. 

EXCEPTIONS: Duct insulation is not required in the following cases: 

1. When the heat gain and/or loss of the ducts, without insulation will 
not increase the annual energy requirements of the building. 

2. Within HVAC equipment. 

3. Exhaust air ducts. 

4. Residential building mechanical systems exempt from this section. 

5.3.10 (Reserved) 
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503.11 Piping Insulation 

503.3.1 All exposed and readily accessible electrically heated hot water 
piping installed to service buildings and within buildings shall,be thermally 
insulated in accordance with Table 5-10. For service water heating systems, 
see section 504. 

EXCEPTIONS: Piping insulation is not required in the following cases: 

1. When the heat gain and/or loss of the piping without insulation will 
not increase the annual energy requirements of the building. 

2. Piping installed within HVAC equipment. 

3. Piping at fluid temperatures between 55 and 1000F. 

503.3.2 Additional insulation with vapor barriers shall be provided to 
prevent condensation. 

EXCEPTION: Vapor barriers may be omitted when it can be demonstrated that 
condensation is not a problem. 
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o TABLE 5-10 

MINIMUM PIPE INSULATION 

INSULATON THICKNESS IN 

() INCHES FOR PIPE SIZES 2 

..... " ... Fluid 
Piping Temp Run- I" 1.25" 2.5" 5" 8" 
System Range Outs and to to to and 
Types (OF) 2,,1 Less 2" 4" 6" Larger 

Heating and Hot 
Water Steam and 

0 
Hot Water 

High Pressure 306-450 1.5 2.5 2.5 3.0 3.5 3.5 
Med. Pressure 251-305 1.5 2.0. 2.5 2.5 3.0 3.0 
Low Pressure 201-250 1.0 1.5 1.5 2.0 2.0 2.0 
Low temp. 120-200 0.5 1.0 1.0 1.5 1.5 1.5 

Steam Condensate 
(for feed water) Any 1.0 1.0 1.5 2.0 2.0 2.0 

0 
Cooling systems 
Chilled Water 4.0-55 0.5 0.5 0.75 1.0 1.0 1.0 
Refrigerant or Brine Below 40 1.0 1.0 1.5 1.5 1.5 1.5 

1 Runouts not exceeding 12 feet in length to individual terminal units. 

2 For piping exposed to outdoor air, increase thickness by 0.5 inch. 

0 
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SECTION 504 

SERVICE WATER HEATING - RESIDENTIAL AND NON-RESIDENTIAL 

504.1 Scope 

The purpose of this section is to provide criteria for design and 
equipment selection that will produce energy savings when applied to service 
water heating. 

504.2 Water Heaters and Storage Tanks 

504.2.1 Performance Efficiency. All electric storage water heaters 
installed shall comply with .ASHRAE Standard 90A-1980'and be so labeled or 
shall be insulated to a thermal resistance of 16 (R-16) where space allows. 
Additional insulation shall not be required if the water heater has been 
certified by the manufacturer to have a standby loss no greater than 2.8 watts 
per square foot of external area. All storage tanks shall be placed on an 
incompressible, non-combustible, insulated surface with a thermal resistance 
of at least 10 (R-lO). 

EXCEPTION: Where walls or other barriers prevent installation of R-16 
insulation, electric water associated storage tanks shall be insulated to 
the maximum extent possible and violate no UL listing. 

504.2.2 Insulation for Electric Hot Water Pipes. Pipe insulation shall 
follow the requirements specified in Section 503 and Table 5-10. 
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SECTION 505 

ELECTRICAL POWER AND LIGHTING--NON-RESIDENTIAL 

505.1 General 

Electrical power and lighting systems shall be designed to conserve energy 
as provided herein. 

505.2 Electrical Energy Consumption 

In multi-family dwellings, provisions shall be made to determine the 
electrical energy consumed by each tenant by separately metering individual 
dwelling units. 

EXCEPTION: Transient facilities such as hotels and college dormitories 
are exempt from this section. 

505.3 Lighting Power Budget 

A lighting power budget is the upper limit of the power to be available to 
provide the lighting needs in accordance with the criteria and calculation 
procedure specified hereih. 

The lighting power budget for a building shall be the sum of the power 
limits computed for all lighted interior and exterior spaces and shall be 
determined in accordance with the procedures specified in this section. 

EXCEPTION: One- and two-family detached dwellings and the dwelling 
portion of multi-family buildings are exempt from the requirements of this 
section. 

505.3.1 Budget Development 

The installed lighting wattage for the building project shall 'not exceed 
the budget level calculated in this section. Toe budget wattage level shall 
be the sum of the interior budget calculated in accordance with subsection 
503.3.2 and the exterior budget calculated in accordance with subsection 
503.3.4. Lighting wattage includes lamp and ballast wattage. 

EXCEPTION: The budget level calculated in this section may be increased 
if it can be shown that the recommended illuminance values for lighting 
design specified in the Illuminating, Engineering Society (IES) 1981 
"Lighting Handbook, Applications Volume" cannot be achieved with the unit 
power budgets permitted in section 505.3 when the most efficient equipment 
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and lighting controls suitable for the specific task are used. 
Calculations for such special conditions shall be based on IES Unit Power 
Density or similar nationally recognized standards. 

505.3.1.2 When insufficient information is known about the specific use 
of the building space (e.g. space function or size of retail tenants), the 
budget shall be based on the apparent intended use of the building space. 

505.3.2 Building Interiors. The interior lighting budget shall be 
calculated by mUltiplying the gross floor area, in square feet, by the 
appropriate unit power budget, in watts per square foot, specified in Table 
5-3. 

The lighting power budget shall be based on the primary occupancy for 
which the space within the building is intended. If multiple occupancies are 
intended, the lighting power budget for each type of occupancy shall be 
separately calculated and summed to obtain the lighting budget for the 
interior spaces of the building. If a common circulation area services 
multiple occupancies or multiple retail spaces, the lighting power budget for 
the common circulation area shall be the weighted average of the lighting 
power budgets for all other areas on that floor. In cases where a lighting 
plan for only a portion of a buidling is submitted, the interior lighting 
budget shall be based on the gross floor area covered by the plan. 

EXCEPTION: Where the following automatic lighting controls are installed 
for calculation purposes, the installed lighting wattage may be reduced by 
the following percentages: 

For occupant-sensing deVices, energy savings of 30 percent shall be 
allowed for any single space up to 400 square feet and enclosed by 
ceiling height partitions; classrooms, conference rooms, computer 
rooms, storage areas, corridors, or waiting rooms. 

For daylighting controls, energy savings of 30 percent for continuous 
dimming and 20 percent for stepped controls shall be allowed for any 
daylit space. 

For lumen maintenance controls, energy savings of 10 percent shall be 
allowed for any space. 

For daylighting controls with occupant-sensing devices, energy savings 
of 44 percent shall be allowed for any single space up to 400 square 
feet within daylit spaces, and enclosed by ceiling height partitions. 

For occupant-sensing devices with lumen maintenance controls, energy 
savings of 37 percent shall be allowed for any single space up to 400 
square feet and enclosed by ceiling height partitions. 
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505.3.3 Exceptions to Building Interior Criteria. Lighting for the 
following applications shall be exempted from inclusion in the calculation of 
lighting power budgets: 

Stage lighting, entertainment, or audiovisual presentations where 
lighting is an essential technical element for the function performed. 

Lighting for medical and dental tasks. 

Lighting in areas specifically designed for visually handicapped people. 

For restaurant occupancies, lighting for kitchens and food preparation 
area. 

Power required for trickle-charging for battery-powered emergency 
lighting. 

505.3.4 Building Exteriors. The exterior lighting budget shall be 
calculated by multiplying the building perimeter in feet by 7.5 watts per 
foot. Lighting for parking structures shall be calculated at 0.3 watts per 
gross square foot of parking area. An allowance for outdoor surface parking 
and circulation lighting may be added at 0.05 watts per gross square foot of 
area. "Lighting for signs that are not an integral part of the building shall 
be exempted from inclusion in these calculati'ons. 
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Occupancy 
Group 

A-I 
A-2 
A-2.1 

A-3 

A-4 

B-1 

B-2 

B-3 

B-4 

E-1 
H-l 

continued 

TABLE 5-3 
LIGHTING POWER BUDGET1 

Occupancy 
Description 

Assembly w/stage: occupancy of 100 or more 
Assembly w/stage: occupancy of less than 1000 
Assembly w/o stage: occupancy of 300 or 

more other than B-2 and E 
Drinking and dining establishment 
Assembly w/o stage: occupancy of less than 

300 other than B-2 and E 
Drinking and dining establishment 
Stadiums, reviewing stands and amusement 

park structures not included in A or 
B-1, B-2 and B-3 

Gasoline and service stations: 
includes the office, waiting room and 
pump islands plus 5 feet on each side 
of the island 

Storage garages 
Office buildings, wholesale stores, 

municipal police and fire stations 
Retail stores and museums 

- less than 100 square feet 
- 1000 to 6000 square feet 
- 6000 to 20,000 square feet 
- over 20,000 square feet 

Drinking and dining establishments: 
load of less than 50 

Workshops using material not highly 
flammable or combustible 

Storage and. warehouses 
Aircraft hangars 
Open parking garages 
Ice plants, power plants, pumping plants, 

cold storage and creameries 
Factories and work shops 
Storage 
Sales rooms 
Shipyard structures 
Schools and daycare centers 
Storage 
Handling 
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Lighting 
Power Budget2 
(W<,tts/sq ft) 

1.1 
1.1 

1.1 
1.85 

1.1 
1.85 

1.1 

2.0 
0.3 

2.0 

5.0 
4.0 
3.0 
2.0 

1.85 

2.0 
0.7 
0.7 
0.3 

1.0 
2.0 
0.7 
2.0 
0.7 
2.0 
0.7 
2.0 
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TABLE 5-3 
LIGHTING POWER BUDGET 1 

(continued) 

Occupancy 
Group 

Occupancy 
Description 

Lighting 
Power Budget2 
(Watts/sq ft) 

H-2 

H-3 

H-4 

H-5 
I-I 
1-2 
1-3 

R-l 
R-3 

1 

2 

Storage 
Handling, dry cleaning plants, paint stores 
Paint shops and spray painting rooms 
Warehouses 
Other 
Auto repair and body shops 
Paint spray booths 
Aircraft repair hangars 
Insti tutions 
Administrative support services 
Nursing areas 

Residential buildings 

0.7 
2.0 
2.5 
0.7 
2.0 
2.0 
5.0 
2.0 
2.0 
2.0 
2.0 

Exempt 

In case of an occupancy not specifically mentioned above, the lighting • 
power budget in watts per square foot shall be determined by the Building 
Official based upon the budget for the most comparable occupancy specified. 

Watts/ft2 of room may be increased by two (2) percent per foot of height 
above 20 feet. 
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SECTION 506 

ELECTRIC ENERGY AUDIT 

506.1 Scope 

The purpose of this section is to provide criteria for the electric energy 
analysis required by this code. The analysis shall apply to non-residential 
buildings converting to or expanding electric service for the purpose of 
electric space conditioning. 

EXCEPTIONS: The electric energy analysis is not required for the 
following building occupancies: 

Low-rise residential buildings. 

Non-residential buildings for which new or enlarged service is for 
purposes other than electric space conditioning. 

Heat pump applications where the heat pump complies with the minimum 
performance standards set forth in the "Model Conservation Standards 
Equivalent Code Amendments to the Model Energy Code," Chapter 5. 

506.2 Electric Energy Consumption Analysis 

The electric energy analysis required shall follow Bonneville's "Technical 
Requirement for the Purchase of Energy Saving Program," and shall consist of 
the following analyses: 

existing consumption of electricity, 

modifications which will result in electric energy savings, and 

economic payback periods for those modifications. 

506.2.1 Permanently installed electric systems. For permanently 
installed electric systems, the analysis of existing electricity consumption 
shall include wattage and approximate number of hours of annual operation 
including lighting, heating, air conditioning, ventilation, refrigeration, 
water and process heating. 

506.2.2 Temporarily installed electric equipment. For all electric 
equipment which is not permanently installed for which the connected electric 
load is 5 kilowatts or greater, the analysis of existing electricity 
consumption shall include wattage and approximate number of hours of annual 
operation. 
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506.2.3 Building Survey. The information shall include a survey of 
construction details of the building which affect thermal performance, 
including, but not limited to insulation levels, glazing, infiltration and 
glazings *transmissivity. 

506.2.4 Heating and Cooling Consumption. The analysis shall include an 
estimate of the annual heating and/or cooling electric consumption of the 
building. 

506.3 Modifications Analysis 

506.3.1 Maintenance and Modifications. The analysis of modifications 
which result in electric energy savings shall include but is not limited to: 

Preventive maintenance for equipment, including lubrication; mechanical 
system controls check; replacement of filters; and cleaning of all heat 
exchange surfaces and lighting fixtures; 

Repair and replacement of existing insulation; 

Electric systems operation timing; 

Shutoff of heating, ventilating, and air conditioning systems during 
unoccupied hours; 

Removing lamps and disconnecting ballast in areas where lighting can be 
reduced beyond the values required by the Lighting Power Budget. 

506.3.2 Economic Analysis. The economic analysis of the electric energy 
saving modification shall show a pay-back period for each modification 
calculated by dividing the cost of the modification by the annual benefits. 
The costs shall include an estimated itemized cost of the modification, 
applicable taxes, and design and installation costs. The benefits shall 
include the monetary value of the annual kilowatt-hour savings, reduction in 
demand charges, and other identified benefits resulting from the 
modifications. The cost per kilowatt-hour and per kilowatt for computation 
purposes shall reflect all applicable costs and charges in the applicable 
local electric rate schedule at the time of computation. The measures 
installed shall be all those which meet the test of regional cost
effectiveness. 

506.3.3 Alternative economic analysis. Alternative economic analy·ses, such 
as life-cycle costing or net present value, may be used provided that. the 
above pay-back computation appears. 
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CHAPTER 6 

BUILDING DESIGN BY PRESCRIPTIVE REQUIREMENTS APPROACH 

SECTION 601 

SCOPE 

601.1 General 

The provisions of this chapter are applicable to residential buildings-
single family, duplex (Group R Division 3) and multi-family (Group R Division 
1) occupancies. 
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SECTION 602 

BUILDING ENVELOPE 

The building envelope requirements of this chapter may be met by 
installing one of the prescriptive packages in Table 6-1. All components 
shall comply with the chosen specification over their entire surface, except 
as specified in this chapter. 

602.1 Roof/ceilings 

602.1.1 Ceilings below vented attics and vaulted ceilings shall be 
insulated to not less than the nominal R value specified in Table 6-1. lihere 
architectural barriers preclude the installation of the specified R Value, 
roofs/ceilings must be insulated to the maximum extent possible. 

602.1.2 Blown or poured loose fill insulation may be used in attic spaces 
where the slope of the roof is not less than 2-1/2 feet in 12 feet and there 
is at least 30 inches of clear distance from the top of the bottom chord of 
the truss or ceiling joist to the underside of the roof sheathing at the roof 
ridge. The surface of the installed blown or poured insulation shall be 
baffled. Baffles shall be of weather-resistant, rigid material capable of 
retaining the insulation. 

602.1.3 Adequate cross ventilation shall be maintained above all ceiling 
insulation by providing both low and high vents or gable end vents. 
Ventilation openings shall not be blocked by insulation. (See Uniform 
Building Code Section 3205(c) and Section 502.2.2.1 of this code.) 

602.2 Exterior walls above grade 

Exterior walls above grade shall be insulated to the nominal values 
specified in Table 6-1 unless the walls have been previously insulated. 

602.3 Exterior walls below grade 

602.3.1 Exterior walls below grade adjacent to conditioned space, such as 
heated basements,.shall be insulated to the nominal R value specified for 
below grade walls in Table 6-1. 

602.3.2 Insulation shall extend from the top of the wall to the top of 
the footing or floor slab. 
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602.4 Slab-on-grade floors 

602.4.1 Slab-on-grade floors shall be insulated along their perimeter to 
the nominal R value specified in Table 6-1. lVhere architectural barriers 
preclude the installation of the specified R value, slabs must be insulated to 
the maximum extent practicable. 

602.5 Floors over unconditioned space 

602.5.1 Floors over unconditioned space shall be insulated to the nominal 
R value in Table 6-1, unless the insulation requires major alteration of the 
existing building or unless installation with a nominal R 19 has been 
previously installed. Where the existing structure precludes the installation 
of prescribed in Table 6-1, insulation shall be installed to the maximum 
extent possible. 

602.5.2 A ground cover of 6 mil opaque polyethylene or other approved 
material with a dry cup rating of not more than 1.0 perm shall be installed on 
the ground in crawl spaces when thermal insulation is installed with a minimum 
of 12 inches overlap at all joints and extend a minimum of 12 inches up the 
foundation walls. 

602.5.3 Crawl spaces shall be ventilated by openings in exterior 
foundation walls. Such openings shall have a net area of not less than one 
square foot for each l50'square feet of *underfloor areas. Openings shall be 
located as close to corners as practical and shall provide cross ventilation. 
(See Uniform Building Code Section 25l6(c)6.) 

602.6 (Reserved) 

602.7 Glazing Criteria 

602.7.1 All glazing shall be at a minimum, double glazing. Insulating 
glass with at least 1/2 inch air space or approved storm sash shall be 
considered to comply. 

602.7.2 Passive solar glazing. A passive solar building is required to 
have at least ten (10) percent of the buiiding's gross floor area in glazing 
that meets the specifications of subsection 502.3.2 of this code. 
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SECTION 603 

(Reserved) 

SECTION 604 

(Reserved) 

o SECTION 605 

SERVICE WATER HEATING 

Comply with Section 504. 
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TABLE 6-1 

PRESCRIPTIVE REQUIREMENTS FOR ALL GROUP R OCCUPANCY RESIDENTIAL 

BUILDINGS CONVERTING TO ELECTRIC SPACE HEAT 

PACKAGE 

A B C 

Well Passive Heat 
Component Insulated Solar Pumpl 

BUILDING ENVELOPE 
Minimum Nominal R Value 

Roof/ceiling R-38 R-30 R-30 
Above grade walls R-ll R-ll R-ll 
Below grade walls R-ll R-ll R-ll 
Slab-on-grade floors R-S R-S R-S 
Floor over unconditioned space R-302 R-19 R-19 

GLAZING 
Type Double Double Double 

1 Heat Pump shall have a heating season performance factor (HSPF) of at 
least 6.8 

2 Where joist size will not allow the installation of R-30, the floor over 
unconditioned space shall be insulated to the maximum extent possible. 
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Chapter 53 Conversion Equivalent Code 

CHAPTER 53 

ENERGY CONSERVATION IN BUILDINGS 

CONVERTING TO ELECTRIC SPACE CONDITIONING 

GENERAL 

Sec. 5301. (a) Purpose. The provisions of this Chapter shall regulate 
residential buildings whose new or enlarged electric service is for electric 
space heat is converted from any other fuel. This Chapter shall regulate 
non-residential buildings or portions thereof whose new or enlarged electric 
service is for space conditioning. The requirements of this Chapter are 
intended to meet or exceed the applicable existing building codes and Federal 
regulations. In any case where a Federal, state or local code or regulation 
exceeds this Chapter's requirements with respect to securing more efficient 
use of electric energy, that code or regulation shall apply. 

Authority for the provisions of this code comes from the Northwest Power 
Planning Council's "Northwest Conservation and Electric Power Plan," 1986, 
Volume One, page 9-9, Section 3, "Residential and Commercial Buildings 
Converting to Electric Space Conditioning." 

EXCEPTIONS: i. In lieu of the specific provisions of this Chapter, a 
package of efficiency measures which can be shown to achieve savings 
comparable to those which would ,be achieved by incorporating all 
efficiency improvements up to the regionally cost-effective level may be 
substituted. 

2. Temporary services, construction services, and replacement services 
which do not increase the amperage capacity of the incoming service are 
not subject to the requirements of this code. 

(b) Design Method. 1. All residental buildings may satisfy the space 
heating and hot water heating requirements of this Chapter by one of up to 
three methods: Energy Budget (Section 5304), Component Performance (Section 
5303) or Prescriptive Requirements (Section 5306). 

2. All non-residential buildings may satisfy the requirements of this Chapter 
by compliance with: 

A. Service water heating minimums, 
B. Piping and duct insulation minimums, 
C. Lighting power budgets, and 
D. Submission of an electric energy audit to ,the servicing utility or 

local government. 
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EXCEPTION: Non-residential customers whose neW or enlarged service 
connection is for purposes other than electric space conditioning need not 
submit the electric energy audit or incorporate efficiency upgrades. 

(c) Alterations and Repairs. Where the structural elements of the 
roof/ceiling, wall, or floor area are not being replaced, alterations and 
repairs shall be deemed to comply with the opaque envelope standard if all 
existing framing cavities are filled to their full depth with batt insulation 
or insulation of an equivalent nominal R-value, where necessary, maintaining 
space for ventilation. 

(d) Changes of Space Conditioning. (Reserved) 

(e) Additions to Existing Buildings. (Reserved) 

(f) Historic Buildings. The Building Official may modify the specific 
requirements of this Chapter only to the extent necessary to preserve those 
significant elements of buildings and structures designated by a Federal, 
state or local govenment body as landmarks. 

(g) Change of Occupancy. (Reserved) 

(h) Moved Buildings. (Reserved) 

(i) Projects over 50,000 Square Feet in Conditioned Floor Area. 
(Reserved) 

(j) Materials and Equipment. 

1. Identification. Materials and equipment shall be identified to 
show compliance with this Chapter. 

2. Maintenance Information. Required regular maintenance actions 
shall be clearly stated on a visible label. Such label may be limited to 
identifying the operationand maintenance manual for that particular product. 

(k) Plans and Specifications. The existing building envelope comonent 
R-values shall be specified and may be verified by the Building Official. 
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DEFINITIONS 

Sec. 5302. The following terms are define for use within this Chapter: 

ACCEPTED ANALYSIS METHODS. Heating/cooling and lighting load 
calculations approved by the Building Official and performed in accordance 
with the most current procedures developed by a nationally recognized 
professional organization (such as ASHRAE). 

ACCESSIBLE. (As applied to equipment) Admitting close approach not 
guarded by locked doors, elevation or other effective means. 

ASHRAE. American Society of Heating, Refrigeration, and Air'Conditioning 
Engineers, Inc. 

AUTOMATIC. Self-acting, operating by its own mechanism when actuated by 
some impersonal influence, as, for example, a change in current strength, 
pressure, temperature or me'chanical configuration. (See MANUAL.) 

BELOW GRADE WALL. A wall or section thereof which extends no more than 
three (3) feet above the finished'grade at any point. 

BRITISH THERMAL UNIT (Btu). The amount of heat required to raise the 
temperature of one pound of water by one Fahrenheit degree at 600 F. 

BUILDING ENVELOPE. The elements of a building which enclose conditioned 
spaces and conditioned air supply systems. 

BUILDING OFFICIAL. The official authorized to act in behalf of the 
responsible govenment agency for the enforcement of this Chapter. 

C VALUE (THERMAL CONDUCTANCE). The thermal transmission per hour through 
unit area of a particular body or assembly having defined surfaces when the 
unit average temperature is established between surfaces (Btu/hr/ft 2/ OF). 

COMPONENT PERFORMANCE METHOD. Compliance with this Chapter by 
demonstrating that the maximum steady state coefficient of heat transfer as 
specified in Btu/OF/ft2 for building components: walls (including all 
components of the gross area, such as windows and doors), roof/ceilings, 

, floors over unconditioned space, slab-on-grade floors, and space exposed to 
outside air does not exceed the values in Section 5304. 

CONDITIONED FLOOR AREA. The horizontal projection of that portion of 
interior space which is contained within exterior walls and which is 
conditioned dir,ectly or indirectly by an energy-using system. 

CONDITIONED SPACE. Space within a building which is five (5) feet or 
more in height from finished floor to finished ceiling and which is 
conditioned directly or indirectly by an energy-using system capable of 
maintaining a temperature of 500 F or higher for heating and/or 850 F or 
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below for cooling. It shall also include spaces with humidification or 
dehumidification means so as to be capable of maintaining a space condition 
falling within the comfort zone set forth in Standard RS-4. Enclosed 
corridors between conditioned spaces shall be considered as conditioned space. 

DEGREE DAY, HEATING. A unit, based upon temperature difference and time, 
used in estimating fuel consumption and specifying nominal heating load of a 
building in winter. For any on day, when the mean temperature is less than 
650 F, there exist as many degree days as there are Fahrenheit degrees 
difference in temperature between the mean temperature for the day and 65 0 F. 

DWELLING UNIT. (See Uniform Building Code.) 

ENERGY. The capacity for doing work; taking a number of forms which may 
be transformed from one into another, such as thermal (heat), mechanical 
(work), electrical and chemical; in customary units, measured in kilowatt 
hours (kWh) or British thermal units (Btu). 

ENERGY. Electricity shall be considered as the primary energy form for 
space conditioning in buildings using multiple fuels where the estimated 
electric energy requirements for space conditioning are greater than the 
estimated annual non-electric space conditioning requirements. 

ENERGY BUDGETS METHOD. Compliance with this Chapter by demonstrating 
that the structure is designed as efficiently as a comparable one conforming 
with Section 5304. 

EKfERIOR WALL. A wall, or section thereof, which is exposed to an 
exterior ambient condition and encloses conditioned space. 

FLOOR OVER UNCONDITIONED SPACE (ENCLOSED). A floor which separates a 
conditioned space from an unconditioned space which if buffered from ambient 
weather conditions including vented crawl spaces and unconditioned basements 
or other similar spaces. 

FLOOR OVER UNCONDITIONED SPACE (EXPOSED). A floor which separates a 
conditioned space from an unconditioned space exposed to outdoor weather 
conditions including open parking garages and enclosed garages which are 
mechanically ventilated. 

GLAZING. All areas including frames in the shell of a conditioned space 
that let in natural light, including windows, clerestories, skylights, sliding 
glass doors, glass brick walls, and the glazed portions of doors. 

GLAZING AREA. Total area of glazing measured using the rough opening, 
and including the glass, the sash, and the frame. 

GROSS FLOOR AREA. The sum of the area of the several floors of a 
building, including basements, cellars, mezzanine and intermediate floored 
tiers and penthouses of headroom height, measured from the interior faces of 
exterior walls (see Section 407, Uniform Building Code), but excluding: 
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Covered walkways, open roofed-over areas, porches and similar spaces. 
Pipe trenches, exterior terraces or steps, chimneys, roof overhangs and 
similar features. 

GROSS ROOF/CEILING AREA. The sum of the areas of the roof/ceiling 
assembly, consisting of the total interior surface area of all elements, 
including skylights, which enc10se a conditioned space. 

GROSS EXTERIOR WALL AREA. The vertical projection of the exterior wall 
area bounding interior space which is conditioned by an energy-using system; 
includes opaque wall, window, and door areas. The gross area of exterior 
walls consists of all opaque walls areas, including foundation walls, between 
floor spandrels, peripheral edges of floors, window areas, including sash, and 
door areas, where such surfaces are exposed to outdoor air and enclose a 
conditioned space including interstitial areas between two such spaces. 

HEAT STORAGE CAPACITY. The physical property of materials (mass), 
located inside the building envelope, to absorb, store, and release heat. 

HEATED SPACE. Space within a building which is provided with a positive 
heat supply. Finished living Space within a basement or registers or heating 
devices designed to supply heat to a basement Space shall automatically define 
that space as heated space. 

HEATING SEASON PERFORMANCE FACTOR (HSPF). The total heating output (in 
Btu) of a heat pump during its normal annual usage period for heating divided 
by the total (watt hour) electric power input during the Same period, as 
determined by test procedures consistent with the U:S. Department of Energy 
"Test Procedure for Central Air Conditioners, Including Heat Pumps" published 
in the December 27, 1979, Federal Register, Vol. 44, No. 24, IOCFR. 430. When 
specified in Btu per watt hour an HSPF of 6.826 is equivalent to an HSPF of 
2.0 watt hour per watt hour. 

HVAC. Heating, ventilating, and air conditioning. 

ILLUMINATION. The density of the luminous flux incident on a surface; it 
is the quotient of the luminous flux by the area of the surface when the 
latter is uniformly illuminated. 

LOW-RISE BUILDING. A building not exceeding three stories of conditioned 
space in height. 

,LUMINAIRE. A complete lighting unit consisting of a lamp or lamps 
together with the parts designed to distribute the light,' to position and 
protect the lamps and to connect the lamps to the electric power supply. 

MANUAL. Capable of being operated by personal intervention. (See 
AUTOMATIC.) 
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MAY. Where "may" is used in a specific provision, that provision is 
permissible. 

NOMINAL R VALUE. The thermal resistance of insulation as specified by 
the manufacturer according to the recognized trade and engineering standards 
or approved equivalent. 

OPAQUE ENVELOPE AREAS. All exposed areas of a bUilding envelope which 
enclose conditioned space, except openings for windows, skylights, doors, 
glazing, and building service systems. 

OPERABLE WINDOW INSULATION. Movable window covers of insulating material 
which have means to create an edge fit better than a loose fit (i.e., 
interlocking edge, cushion seal, mechanical, or magnetic seal) and with a 
minimum thermal resistance of R-5. 

PERMEABILITY. A measure of the passage of· water vapor through a 
substance when permeability varies with psychrometric conditions, the "spot" 
or "specific permeability" defines the property at a specific condition. 
Permeability is measured in perm inches. 

PERMEANCE (PERM). A measurement of water vapor permeability for a 
particular material with a specific thickness. One perm equals the transfer 
of one grain of water vapor through one square foot of material in one hour 
with a one inch mercury vapor pressure difference from one side of the 
material to the other. 

POWER. The rate at which electric energy is transmitted; in customary 
units, measured in watts (W) or British thermal units per hour (Btu/hr). 

PERSCRIPTIVE REQUIREMENTS METHOD. Compliance with this Chapter through 
installation of specified minimum insulation levels and infiltration control 
measures set forth in Section 5306. 

ROOF/CEILING ASSEMBLY. A roof/ceiling assembly shall be considered as 
all components of the roof/ceiling envelope through which heat flows, thus 
creating a building transmission heat loss or gain, where such assembly is 
exposed to an exterior ambient and encloses conditioned space. This does not 
include elements which are separated from a conditioned space by a vented air 
space. 

The gross area of a roof/ceiling assembly consists of the total interior 
surface of such assembly, including skylights exposed to the conditioned space. 

SERVICE WATER HEATING. Supply of hot water for domestic or commercial 
purposes other than comfort heating. 

SHADED. Glazed area which is externally protected from direct solar 
radiation by use of deVices permanently affixed to the structure or by an 
adjacent building, topographical feature, or vegetation. 
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SHALL. Where "shall" is used in specific provisions, that provision is 
mandatory. 

SHOULD. Not mandatory but desirable as good practice. 

SKYLIGHT. A glazed opening in a roof/ceiling assembly, consisting of a 
supporting 'structure with.glass, plastic or similar material tilted up from 
the horizontal less than sixty (60) degrees. 

SLAB-ON-GRADE FLOOR. Any slab poured in contact with the ground and for 
which the top of the finished slab is less than 24 inches below the final 
elevation of the nearest exterior grade. 

SOLAR ENERGY SOURCE., Source of natural daylighting and of thermal, 
chemical or electrical energ~ derived directly from conversion of incident 
solar radiation. 

SYSTEM. A combination of central or thermal equipment or components 
and/or controls, accessories, interconnecting means, and terminal devices by 
which energy is transformed so as to perform a specific function, such as 
HVAC, service water heating or illumination. 

THERMOSTAT. An automatic control device actuated by temperature and 
designed to be responsive to temperature. 

THERMAL CONDUCTANCE (C). The thermal transmission in unit time through 
unit average temperature is established between surfaced (Btu/hr/ft2/ oF). 

THERMAL RESISTANCE (R). The reCiprocal of thermal transmission 
(Btu/hr/ft2/ OF). 

THERMAL TRANSMITTANCE, OVERALL (Uo). The overall coefficient of the 
heat transmission (air-to-air) due only to the difference in indoor and 
outdoor air temperatures of a gross are of the exterior building envelope 
(Btu/hr/ft2/ OF). The Uo value applies to the combined effect of the 
time rate of heat flows through the various parallel paths, such as window, 
doors and opaque construction areas, comprising the gross area of one or more 
exterior building components, such as walls, floors or roof/ceiling. 

TRANSMISSION COEFFICIENT. The ratio of the solar heat gain through a 
glazing system to that of an unshaded single pane of double strength window 
glass under the same set of conditions. 

U VALUE (THERMAL TRANSMITTANCE). The coefficient of heat transmission 
(air-to-air). It is the time rate of heat flow per unit area and unit 
temperature difference between the warm side and cold side air films 
(Btu/hr/ft2/ oF). The U Value applies to·combinations of different . 
materials used in series along the heat flow path, sfngle materials that 
comprise a building section, cavity air spaces and surface air films on both 
sides of a building element. 
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U VALUE (THERMAL TRANSMITTANCE, OVERALL). The overall (average) heat 
transmission of a gross area of the exterior building's envelope 
(Btu/hr/ft2oF). The Uo value applies to the combined effect of the time 
rate of heat flows through the various parallel paths, such as windows, doors 
and opaque areas, comprising the gross area of one or more exterior building 
components, such as walls, floors or roof/ceiling. 

VAPOR RETARDER. A layer of low moisture transmissivity material (not 
more than 1.0 perm dry cup) which is placed over the warm side (in winter) of 
insulation, Over the exterior of below grade walls, and under floors as ground 
cover to limit the diffusion of water and water vapor through exterior walls, 
ceilings and floors. The layer mayor may not be an integral part of the 
insulation and mayor may not be continuous. 

VENTILATION. The process of supplying or removing air by natural or 
mechancal means to or from any space. Such air mayor may not have been 
conditioned. 

UTILITY REPRESENTATIVE. The agent authorized to act in behalf of the 
responsible utility. 
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INSTA4LATION AND DESIGN REQUIREMENTS 

Sec. 5303. (a) General. This section establishes installation requirements 
and sets forth design parameters for residential building envelopes converting 
to electric space heating and non-residential buildings or portions thereof 
converting for electric space conditioning. 

A building that is designed to be both heated and cooled shall meet the 
more stringent of the heating or cooling requirements of this Chapter. 
Heating and cooling design loads shall be calculated in accorda~ce with 
accepted analysis methods. . 

(b) Insulation. See Sec. 1713, 1717 and 3204. 

1. Clearances. See Sec. 3703. 

2. Installation. Insulation shall extend full thickness over entire area 
and shall be cut and fit around obstructions and adjoining insulation. 
Integrity of vapor retarders shall be maintained by taping and sealing joints, 
ruptures and edges of units adjoining other surfaces. Batt insulation units 
shall be secured by friction fit, .or with adhesive or mechanical fasteners. 
400se fill insulation installed by pouring or by machine-blowing shall be 
leveled in horizontal applications to a uniform thickness. Thermal insulation 
shall not be installed in a manner thst would obstruct openings for structural 
ventilation. Permanent baffling of vent openings shall be provided to retain 
the insulation. Attic access panels separating conditioned and unconditioned 
spaces shall be weathers tripped, and insulated to a thermal resistance 
(R-value) equal to the surrounding envelope component. 

EXCEPTION: Ceiling insulation in low-rise dwellings and apartments may be 
tapered or compressed at the perimeter to permit proper venting. 

3. Slab-on-grade floors. Perimeter insulation shall extend downward 
from the top of the slab to the design frost line or a minimum of 24 Inches 
whichever is greater. If the depth of the footing is less than 24 inches, 
then the insulation shall extend downward to the bottom of the slab or to the 
base of the foundation footing. Insulation shall be of an approved type. 

EXCEPTION: For monolithic slabs, insulation shall extend downward to the 
bottom of the thickened edge. 

(c) Moisture Control. To insure the effectiveness of insulation 
materials and reduce the hazard of decay to organic materials and other 
degradation due to condensation within the sturcture, moisture control and/or 
structural ventilation measures shall be included in all buildings. 

1. Vapor Retarder. Where a vapor retarder is specified, it shall be 
installed facing the conditioned space. 
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EXCEPTION: Vapor retarders may be omitted when it can be demonstrated 
that condensation will not occur. 

Rips and punctures in the vapor retarder shall be patched and sealed with 
vapor retardant material. 

Exterior walls of new buildings shall have a vapor retarder when thermal 
insulation is installed. The vapor retarder shall have a 1.0 perm dry cup 
rating or less. The vapor retarder need not be an integral part of the 
insulation material. Flanges of faced insulation batts and framing members or 
the potential for moisture transfer due to infiltration minimized in some 
other approved manner. 

All exterior ceilings shall have a vapor retarder with a 0.5 per dry cup 
rating or less when thermal insulation is installed. Where ceilings are plank 
and beam construction exposed to the conditioned space, the vapor retarder 
shall be placed on top of the planking, and the wall/ceiling joints shall be 
sealed with caulking or sealant. Flanges of faces insulation batts shall be 
lapped at framing members or the potential for moisture due to infiltration 
minimized in some other approved manner. 

EXCEPTION: When insulation is installed and ventilation is provided as 
specified in Section 3205 (c) of the Uniform Building Code a vapor 
retarder need not be installed. 

Floors shall have a vapor retarder installed according to manufacturer's 
specifications and have a 1.0 perm dry cup rating or less when thermal 
insulation is installed. The vapor retarder need not be an integral part of 
the insulation material. 

2. Ground Cover. A ground cover shall be installed on the ground in 
crawl spaces when thermal insulation is installed. The ground cover shall be 
6 mil opaque polyethylene or other material approved by the Building Official 
or utility representative with ~ 1.0 perm dry cup or less rating. 

3. Attic and Crawl Space Ventilation. See Section 3205 and 5306(b). 

(d) Design Parameter. 1. Exterior design temperatures. The heating or 
cooling design temperatures shall be selected from Chapter 24 of the 1985 
Edition of the ASHRAE Handbook of Fundamentals. For locations not listed 
therein, other temperatures may be used as determined by the Building 
Official. Winter design temperatures shall be selected from the 97.5% column 
for all occupancies. Summer design dry-bulb and wet-bulb temperatures shall 
be selected from the 2.5% column. 

2. Interior design temperatures. Interior design temperature for 
non-residential buildings shall be 700 F for ,heating and 780 F for cooling. 
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EXCEPTION: Other design temperatures may be used for equipment selection 
if they result in lower electric energy use as determined by accepted . 
engineering practice. 

3. Heating and Cooling Degree Days. The heating and cooling degree days 
shall be selected from the 1985 Edition of the ASHRAE Handbook of 
Fundamentals. For locations not listed therein, other sources of heating and 
cooling degree day data may be used provided such sources are approved by the 
Building Official or utility representative. 

4. U Values (Thermal Transmittance). 

A. Component U Values (coefficients of heat transfer) for opaque areas 
shall be taken or developed from Chapter 23 and Chapter 25 of the ASHRAE 1985 
Handbook of Fundamentals and shall include appropriate adjustments for 
framing. Seasonal average conditions for wind speed shall be assumed to be 
7.5 mph for calculation of outside air film coefficients and heat transfer 
rates through buffered spaces such as attics and vented crawl spaces. 

B. Double glazing shall have a dead air space between panes of not less 
than 1/2 inch. Approved storm sash shall be considered to comply with this 
code. 
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BUILDING DESIGN BY ENERGY BUDGETS METHOD FOR LOW-r(R)ISE RESIDENTIAL DWELLINGS 

Sec. 5304. (a) General. This section establishes design criteria in terms of 
total electric energy used by low-rise residential buildings and apartment 
houses before converting to electricity for space h~ating. 

(b) Energy Budgets. Buildings designed in accordance with this section 
shall be deemed to comply with this Chapter if the calculated annual electric 
space heating energy consumption is not greater than a similar ,building (the 
"standard design") whose enclosure elements and energy consuming systems are 
designed in accordance with Section 5306 for the applicable bUilding type and 
which conform,to the applicable provisions of Section 5305 of this Chapter. 

(c) Comparable Design Basis. The standard design, conforming to Section 
5305, and the proposed design shall be designed on a common basis. The 
comparison of total electric energy usage shall be expressed in Btu input per 
square foot of gross floor area for the standard design and the proposed 
design at the bUilding site. Comparison of similar elements, systems, or 
components shall be expressed in dimensions or terms accepted by standard 
engineering practice. 

(d) Calculation Procedure. The calculation procedure shall cover the 
following items: 

1. Design Parameters as shown in Section 5303 and this Section. 

2. Climate data. Typical meteorological years (TMY) for closest 
appropriate site or as approved. 

3. Building data. Orientation, size, shape, mass, and heat transfer 
characteristics. 

(d) Standardized Input VaJues. The following standardized input values 
shall be used in calculating annual space heating budgets: 

1. THERMOSTAT SET POINT: Value 

Heating 65 0 F 

Cooling 78°F, 

Night set back None 

2. INTERNAL GAINS: 

Internal gains from lights 3000 Btu/OF or 
appliances and occupants 72,000 Btu/day 
(per dwelling unit) 
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Chapter 53 Conversion Equivalent Code 

3. SOLAR ENERGY REQUIREMENTS: 

Minimum heat storage 
capacity available 
typical frame construction 

Site shading 

4., CLIMATE: 

Weather data 

Heating season average 
wind speed 

3 Btu/OF per 
sq.ft. of gross 
floor area , 

Actual solar shading 

Typical meteorological year 
(THY) or other appropriate 
site as approved 

7.5 mph (outside) 

5. INFILTRATION. Infiltration level used in the proposed design shall be 
consistent with the infiltration level used in the standard design or the 
designer shall provide documentation for alternate assumptions. 

6. HEAT PUMP REQUIREMENTS. When electrically driven heat pumps using 
depletable energy sources are employed to provide all or part of the heat for 
the alternate design, the standard design shall also assume that an 
electrically driven heat pump having at least the same capacity as that used 
in the alternate design. 

The heating season performance factor (HSPF) for heat pumps installed in 
low-rise residential structures shall be calculated using procedures 
consistent with Section 5.2 of the U.S. Department of Energy Test Procedure 
for Central Air CondHioners, including heat pumps published in the December 
27, 1979 Federal Register Vol. 44, No. 24.10 CFR 430. The proposed building's 
overall thermal performance value (Btu/oF) and the standardized input 
assumptions specified in Section 5304 shall be used to model the heat pump. 
HSPF. 
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BUILDING DESIGN BY COMPONENT PERFORMANCE METHOD 

Sec. 5305. (a) General. 

This section established design criteria in terms of the thermal 
performance of the various components or a residential building before the 
building shall be converted for electric space heat. These criteria apply to 
all buildings except those exempt under Section 5301 or those conforming to 
the requirements of Section 5304 or Section 5306 of this Chapter. Buildings 
that are positively heated or cooled shall provide the required performance of 
their various components and systems. 

Residential buildings being converted to electic space heat shall follow 
the requirements contained in Section 5305 (a), (b), and (c) of this Chapter 
and shall meet the overall thermal performance requirements specified therein. 

Non-residential buildings for which neW or enlarged electric service 
connections are requested shall follow the reqirements in Section 5305 (m), 
(n), (0), and (r) of this Chapter. 

(b) Building Envelope Requirements. 1. The stated Uo of anyone 
element of a building, such as roof/ceiling, wall, or floor, may be increased 
and the Uo for other components decreased, provided that the overall heat 
gain or loss for the entire building envelope does not exceed the total 
resulting from the conformance with the stated Uo in Tabel 53-A. Equation 
53-5 shall be used to determine conformance. 

EXCE¥fION: For slab-on-grade floors and below grade walls enclosing 
conditioned spaces the R value shall not be less than specified in Table 
53-A. 

2. Where return air plenums are employed, the roof/ceiling elements 
shall, for thermal transmittance purposes, not include the ceiling system or 
the plenum space; and for gross area purposes, be based upon the exposed 
plenum surface. 

3. The design may take into consideration the thermal mass of building 
components when approved by the Building Official. 

4. General insulation and vapor retarders shall be installed in 
accordance with Section 5303 of this Chapter. 

(c) Thermal Performance Criteria for Low-rise Dwellings and Apartment 
Houses. 1. General Requirements. A. Exterior Walls: The overall thermal 
transmittance value (Uo) of the gross wall area of exterior walls shall not 
exceed the value given in Table 53-A, unless the overall thermal transmittance 
value (Uo) of the entire building envelope is equal to or less than that 
resulting from conformance with the stated (Uo) for all envelope surfaces. 
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Chapter 53 Conversion Equivalent Code 

Equations 53-1 and 53-3 shall be used to determine acceptable combinations to 
meet the Uo specified for exterior walls. Equations 53-5 shall be used to 
determine conformance to the total building envelope. 

B. Roof/Ceiling: The overall thermal transmittance value (Uo) of the 
gross ceiling area of the roof/ceiling assembly shall not exceed the value 
given in Table 53-A, transmittance value (Uo ) of the entire building 
envelope is equal to or less than that resulting from conformance with the 
stated Uo for all envelope surfaces. Equations 53-1 and 53-3 shall be used 
to determine acceptable combinations to meet the Uo specified for 
roof/ceiling assemblies. Equation 53-5 shall be used to determine conformance 
for the total building envelope. 

C. Floors Over Unconditioned Spaces: The overall thermal transmittance 
value (Uo) for floors over unconditioned spaced exposed to outside air such 
as floors over overhangs, shall not exceed the value given in Table 53-A, 
unless the overall thermal transmittance value (Uo) of the entire building 
envelope is equal to or less than that resulting from conformance with the 
stated Uo for all envelope surfaces. The overall thermal transmittance 
value (Uo) for all other floors over unconditioned enclosed spaces such as 

. vented .crawl spaces, garages, and unheated basements, shall not exceed the 
value given' in Table 53-A, unless the overall thermal transmittance value 
(Uo) of ·the entire building envelope is equal to or less than that resulting 
from conformance with the stated Uo for all envelope surfaces. Equations 
53-1 and 53-4 shall be used to determine acceptable combinations to meet the 
Uo for floors over unconditioned spaces exposed to outside air or over 
unconditioned exposed spaces. Equation 53-5 shall be used to' determine 
conformance for the building envelope • 

EXCEPTIONS: (a) Floor insulation over unconditioned enclosed spaces may 
be reduced if the foundation walls are insulated such that the total 
thermal resistance (R value) of the installed insulation is not less than 
specified for floors in Table 53-A, and all foundation vents are equipped 
with tight fi tting louvers. 

(b) Floor insulation over unheated basements may b.e omitted if the entire 
basement wall is insulated to the levels specified for below grade walls 
in Table 53-A. 

D. Slab-an-Grade Floors: For slab-on-grade floors, the thermal 
resistance value (R) of the insulation around .the perimete.r of the floor shall 
not be less than the value given in Table 53-A. The insulation shall extend 
downward from the top of the slab to the design frost line or a minimum 
distance of 24 inches whichever is greater. If the depth of the footing is 
less than 24 inches, then the insulation shall extend downward to the bottom 
of the slab or to the base of the foundation footing. Insulation shall be of 
a material approved for this use. 

EXCEPTION: For monolithic slabs the insulation shall extend downward from 
the top of the slab to the bottom of the thickened edge. 
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Chapter 53 Conversion Equivalent Code 

E. Below grade walls surrounding conditioned spaces: 
surrounding conditioned spaces, such as heated basements', 
to .a thermal resistance (R) value not less than the value 
for slab-on-grade floors, heated. 

Below grade walls 
shall be insulated 
given in Table 53-A 

2. Exemption for Passive Solar Features. Subject to the following 
limitations, newly added glazing or mass- or water-wall areas in low-rise 
dwellings which qualify by meeting all of the criteria below may be assigned a 
U value of O~OO for use in Equations 53-2 and 53-5. 

A. The glazing area shall be oriented within 45 degrees of true south 
with a maximum of 60 percent between 31 and 45 degrees of true south. 

B. The glazing area shall be mounted at least 60 degrees up from the 
horizontal. 

C. The giazing shall have a transmission coefficient greater than or 
equal to 0.80 for visible light or 0.73 for total solar radiation for a single 
pane. 

D. Documentation in the form of a sun chart, photograph or other 
evidence, demonstrates that the glazing area oriented within 30 degrees of 
true south must receive direct solar exposure for at least 3 hours between 
10 a.m. and 2 p.m. solar time on January 21st and March 21st. 

E. Documentation in the form of a sun chart, photograph or other evidence 
demonstrates that the glazing area oriented between 31 and 45 degrees east or 
west of true south must not be shade for at least 2 hours between 9 a.m. and 
12 noon standard time if east of south, and 12 noon and 3 p.m. standard time 
if west of south on January 21st and March 21st. 

F. The building or addition shall contain a heat storage capaclty 
equivalent to at least 20 Btu/oF for each square foot of solar glazing when 
the qualifying area is between eight (8) and fourteen (14) percent of the 
gross habitable conditioned floor area of the building and at least 45 
Btu/OF for each square foot of solar glazing when the qualifying area 
exceeds fourteen (14) percent of the gross conditioned floor area of the 
building. This heat storage capacity shall be located inside the insulated 
shell of the structure and not covered with insulation materials, such as 
carpet, yielding an R value of 1.0 or greater. If the storage medium is not 
within the space containing the qualifying glazing, an acceptable natural or 
mechanical means of transferring the heat to the heat storage medium shall be 
provided. Where a mass- or water-wall is located immediately behind the 
glazing, the mass- or water-wall shall be considered as having an acceptable 
natural means of transferring the heat to other heat storage capacity within 
that space. Heat storage capacity shall be calculated using Equation 53-6 and 
accepted analysis methods. 
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Chapter 53 Conversion Equivalent Code 

(d) Thermal Performance Criteria for Buildings Other than Low-rise 
Dwellings and Apartment Houses - Heating. (Reserved) 

(e) Thermal Performance Criteria for Other than Low-Rise Dwellings and 
Apartment Houses - Cooling. (Reserved) 

(f) Air Leakage in All Buildings. (Reserved) 

(g) Building Mechanical Systems. (Reserved) 

(h) HVAC Equipment Performance Requirements. (Reserved) 

(i) Transport Energy. (Reserved) 

(j) Balancing. (Reserved) 

(k) Cooling with Outdoor Air. (Reserved) 

(1) Controls. (Reserved) 

(m) Non-residential Air-handling Duct Systems Insulation. The following 
covers duct systems. 

1. Insulation. Ducts, plenums, and enclosures in or on buildings shall 
be thermally insulated as follows: 

A. Duct systems, or portions thereof, shall be insulated to provide a 
thermal resistance of R-5 when not installed within conditioned space and R-4 
in all other cases. A weatherproof barrier shall be provided to protect any 
exterior insulation. All ducts for mechanical cooling shall provide a vapor 
retarder with a drycup rating not greater than 0.05 perm. 

EXCEPTIONS: Duct insulation is not required in the following cases: 

l. 
2. 
3. 

Within HVAC equipment. 
Exhaust air ducts. 
When the heat gain and/or loss of the ducts, without insulation will 
not increase the annual e.nergy requi rements .tf the building. 

(n) Piping Insulation. All exposed and readily accessible electrically 
heated hot water piping shall be thermally insulated as set forth in Table 
53-L. 

EXCEPTIONS: Piping insulation is not required in the following cases: 

1. Piping installed within HVAC equipment. 
2. Piping at fluid temperatures between 55 and 100oF. 
3. When the heat gain an/or loss of the piping without insulation will 

not increase the annual energy requirements of the building. 
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1. Insulation thickness. Thicknesses in Table 53-L are based on 
insulation having thermal resistivity in the range of 4.0 to 4.6 
Btu/hr/ft2/ oF. Minimum insulation thicknesses for materials having an R 
value greater than 4.6, or less than 4.0, shall be revised proportionately 
according to the following equations. 

A. For materials with thermal resistivity greater than 4.6, the minimum 
insulation thickness may be reduced as follows: 

4.6 x Table 53-L Thickness 
New Minimum Thickness 

Actual R 

B. For materials wi th thermal resistivi ty less than 4.0, the minimum 
insulation thickness shall be increased as follows: 

4.0 x Table 53-L Thickness 
New Minimum Thickness 

Actual R 

2. Insulation and vapor retarders. Additional insulation and/or vapor 
retarders shall be provided to control condensation on the surface of 
insulation on piping with temperatures below ambient. 

(0) Service Water Heating. 1. Electric water heaters. Residential 
electric hot water heaters shall be insulated with a thermal resistance of 16 
(R-16). Al'l automatic, electric storage water heaters having a storage 
capacity greater than 120 gallons or an input rate greater than 12 kw shall 
have all storage tank top and side surfaces insulated to at least R-16, or 
have a standby loss rate not exceeding 2.8W/ft2 of external tank surface 
area when tested in accordance with Section 4.3.1 or ANSI C 72.1-72 Household 
Automatic Electric Storage Type Water Heaters. 

EXCEPTION: Where walls or other barriers prevent installation of R-16 
insulation, electric~ater associated storage tanks shall be insulated to 
the maximum extent possible. 

2. Storage Tanks. All residential and non-residential storage tanks 
shall be placed on an incompressible non-combustible, insulated surface with a 
thermal resistance of at least 10 (R-lO). 

(p) Electric Equipment. (Reserved) 

(q) Lighting Control. (Reserved) 

(r) Lighting Power Budget. A lighting power budget is the upper limit of 
the power to be available to provide the lighting needs in accordance with the 
criteria and calculation procedure specified herein. 
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Chapter 53 Conversion Equivalent Code 

The lighting power budget for a building shall be the sum of the power 
limits computed for all lighted interior and exterior spaces and shall be 
determined in accordance with the procedures specified in this section. 

EXCEPTION: One- and two-family detached dwellings and the dwelling 
portion of multi-family buildings are exempt from the requirements of this 
section. 

1. Budget Development 

The installed lighting wattage for the building project shall not exceed 
the budget level calculated in this section. The budget wattage level shall 
be the sum of the interior budget calculated in accordance with subsection 
503.3.2 and the exterior budget calculated in accordance with subsection 
503.3.4. Lighting wattage includes lamp and ballast wattage. 

EXCEPTION: The budget level calculated in this section may be increased 
if it can be shown that the recommended illuminance values for lighting 
design specified in the Illuminating, Engineering Society (IES) 1981 
"Lighting Handbook, Applications Volume" cannot be achieved with the unit 
power budgets permitted in section 505.3 when the most efficient equipment 
and lighting controls suitable for the specific task are used. 
Calculations for such special conditions shall be based on IES Unit Power 
Density or similar nationally recognized standards. 

2. Building Interiors. The interior lighting budget shall be calculated 
by multiplying the gross floor area, in square feet, by the appropriate unit 
power budget, in watts per square foot; specified in Table 53-N. 

The lighting power budget shall be based on the primary 'occupancy for 
which the space within the building is intended. If multiple occupancies are 
intended, the lighting power budget for each type of occupancy shall be 
separately calculated and summed to obtain the lighting budget for the 
interior spaces of the building. If a common circulation area services 
multiple occupancies or multiple retail spaces, the lighting power budget for 
the common circulation area shall be the weighted average of the lighting 
power budgets for all other areas on that floor. In cases where a lighting 
plan for only a portion of a building is submitted, the interior lighting 
budget shall be based on the gross floor area covered by the plan. 

EXCEPTION: Where the following automatic lighting controls are installed 
for calculation purposes, the installed lighting wattage may be reduced by 
the follOWing percentages: 

A. For occupant-sensing devices, energy savings of 30 percent shall be 
allowed for any single space up to 400 square feet and enclosed by ceiling 
height partitions; classrooms, conference rooms, computer rooms, storage 
areas, corridors, or waiting rooms. 
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Chapter 53 Conversion Equivalent Code 

B. For daylighting controls with occupant-sensing devices, energy savings 
of 44 percent shall be allowed for any single space up to 400 square feet 
within daylit spaces, and enclosed by ceiling height partitions. 

C. For lumen maintenance controls, energy savings of 10 percent shall be 
allowed for any space. 

D. For daylighting controls with occupant-sensing devices, energy savings 
of 44 percent shall be allowed for any single space up to 400 square feet 
within daylit spaces, and enclosed by ceiling height partitions. 

2. Exceptions to Building Interior Criteria. Lighting for the following 
applications shali be exempted from inclusion in the calculation of lighting 
power budgets: 

A. Stage lighting, entertainment, or audiovisual presentations where 
lighting is an essential technical element for the function performed. 

B. Lighting for medical and dental tasks. 

C. Lighting in areas specifically designed for visually handicapped 
people. 

D. For restaurant occupancies, lighting for kitchens and food preparation 
area. 

E. Power required for trickle-charging for battery-powered emergency 
lighting. 

3. Building Exteriors. The exterior lighting budget shall be calculated 
by multiplying the building perimeter in feet by 7.5 watts per foot. Lighting 
for parking structures shall be calculated at 0.3 watts per gross square foot 
of parking area. An allowance for outdoor surface parking and circulation 
lighting may be added at 0.05 watts per gross square foot of area. Lighting 
for signs that are not an integral part of the building shall be exempted from 
inclusion in these calculations. 

(s) Electric Energy Audit. The purpose of this section is to provide 
criteria for the electric energy analysis required by this code. The analysis 
shall apply to non-residential buildings converting to or expanding electric 
service for the purpose of electric space conditioning. 

EXCEPTIONS: The electric energy analysis is not required for the 
following building occupancies: 

1. Low-rise residential buildings. 

2. Non-residential buildings for which new or enlarged service is for 
purposes other than electric space conditioning. 
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Chapter 53 Conversion Equivalent Code 

3. Heat pump applications where the heat pump compl{es with the minimum 
performance standards set forth in the "Model Conservation Standards 
Equivalent Code Amendments to the Model Energy Code," Chapter 5. 

A. Electric Energy Consumption Analysis. The electric energy analysis 
required shall follow Bonneville's "Technical Requirement for the Purchase of 
Energy Saving Program," and shall consist of, the following analyses: 

(1) existing consumption of electricity, 
(2) modifictions which will result in electric energy savings, and 
(3) economic payback periods for those modifications. 

B. Permanently installed electric systems. For permanently installed 
electric systems, the analysis of existing electricity consumption shall 
include wattage and approx~mate number of hours of annual operation including 
lighting, heating, air conditioning, ventilation, refrigeration, water and 
process heating. 

C. Temporarily installed electric equipment. For all electric equipment 
which,is not permanently installed for which the connected electric load is 5 
kilowatts or greater, the analysis of existing electricity consumption shall 
include wattage and approximate number of hours of annual operation. 

D. Building Survey. The information shall include a survey of 
construction details of the building which affect thermal performance, 
including, but not limited to insulation levels, glazing, infiltration and 
glazi ngs transmi ssi vi ty. . 

E. Heating and Cooling Consumption. The analysis shall include an 
estimate of the annual heating and/or cooling electric consumption of the 
building. 

F. Modifications Analysis. (1) Maintenance and Modifications. The 
analysis of modifications which result in electric energy savings shall 
include but is not limited to: 

1. Preventive maintenance for equipment, including lubrication; 
mechanical system controls check; replacement of filters; and cleaning of 
all heat exchange surfaces and lighting fixtures; 

ii. Repair and replacement,of. existing insulation; 

iii. Electric systems operation timing; 

iv. Shutoff of heating, ventilating, and air conditioning systems during 
unoccupied hours; 

v. Removing lamps and disconnecting ballast in areas where lighting can 
be reduced beyond the values required by the Lighting Power Budget. 
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G. Economic Analysis. The economic analysis of the electric energy 
saving modification shall show a pay-back period for each modification 
calculated by dividing the cost of the modification by the annual benefits. 
The costs shall include an estimated itemized cost of the modification, 
applicable taxes, and design and installation costs. The benefits shall 
include the monetary value of the annual kilowatt-hour savings, reduction in 
demand charges, and o~her identified benefits resulting from the 
modifications. The cost per kilowatt-hour and per kilowatt for computation 
purposes shall reflect all applicable costs and charges in the applicable 
local electric rate schedule at the time of computation. The package of 
measures installed shall be all those which meet the test of regional cost
effectiveness. 

H. Alternative economic analysis. Alternative economic analyses, such as 
life-cycle costing or net present value, may be used provided that the above 
pay-back computation appears. 
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Chapter 53 Conversion Equivalent Code 

THERMAL TRANSMITTANCE 

U 1 •••••••• EQUATION (53-1) 
1 h 
£0 + Rl + RZ + 

WHERE: 

U the thermal transmittance of the assembly 

fo outside air film conductance, 
1 

R 

fo = .17 for all exterior surfaces 

inside air film conductance, 
1 
11 = .60 for interior horizontal surfaces 

1 
fj = .68 for interior vertical surfaces 

1 = X = measure of the resistance to the 
C K passage of heat from each element 

C conductance, the heat flow through a specific material of 
specific thickness 

K insulation value of a material 

X the thickness of the material 
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Uo 

WHERE: 

OVERALL THERMAL TRANSMITTANCE: WALLS 

UwAw + UgAg + UdAd 

Uo 

Ao 

Uw 

Aw 

Ug 

Ag 

Ud 

Ad 

EQUATION (53-2) 
Ao 

the overall thermal transmittance of the g~oss wall area 

the gross wall area of exterior walls 

the thermal transmittance of all elements of the opaque 
wall area 

the area of the opaque wall 

the thermal transmittance of the glazing area 

the glazing area, including sash 

the thermal transmittance of the door 

the door area 

NOTE: Whre more than one type of wall, window, and/or 
door is used, the U and A terms for those items shall 
be expanded into subelements, as: 

UWlAwl + Uw2Aw2 + Uw3Aw3 + ... etc. 

Calculations shall include the effects of all heat flow paths, such as framing 
members. Wood framing as a percent of opaque wall area is typically: 

- 17 percent for 2-inch studs at 12" o.c. 
- 15 percent for 2-inch studs at 16" D.C. 

- 12 percent for 2-inch studs at 24" o.c. 
- 20 percent for 3-inch studs at 16" D.C. 
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Chapter 53 Conversion Equivalent Code 

Uf x Ar 

WHERE: 

OVERALL THERMAL TRANSMITTANCE: ROOF/CEILING 

EQUATION (53-3) 

the overall thermal transmittance of the gross opaque 
roof/ceiling area 

the gross opaque area of the roof/ceiling assembly 

the thermal transmittance of all elements of the opaque 
roof/ceiling area 

NOTE: Where more than one type of roof/ceiling is used, the 
U x A term for that exposure shall be expanded into its 
subelements, as: 

Calculations shall include the effects of all heat flow paths, such as framing 
members. Wood framing as a percent of opaque roof/ceiling area is typically: 

-13 percent for 2-inch joists at 12" o.c. 
- 10 percent for 2-inch joists at 16" o.c. 

6 percent for 2-inch joists at 24" o.c. 
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Uo 

WHERE: 

(Uf x Af) 

Ao 

Uo 

Ao 

Uf 

OVERALL THERMAL TRANSMITTANCE: FLOOR 

• • • • • • • • • • • • • • • • • • • • • EQUATION (53-4) 

the overall thermal transmittance of the gross floor over 
unconditioned space 

the gross floor area over an unconditioned floor assembly 

the thermal transmittance of all elements of the opaque floor 
area 

Af the gross floor area of the opaque floor assembly 

NOTE: Where more than one type of floor assembly is used, the U x A 
for that exposure shall be expanded into subelements as: 

(Ufl x Afl) + (Uf2 x Af2) + •• (etc.) 

Calculations shall include the effects of heat flow paths, such as framing 
members. Framing as a percent of floor area is typically: 

- 13 percent for 2-inch joists at 12" o.c. 
- 10 percent for 2-inch joists at 16" o.c. 

6 percent for 2-inch joists at 24" o.c. 
- 10 percent for 2-inch plank and 4-inch beams at 48" o.c. 
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Chapter 53 Conversion Equivalent Code 

OVERALL THERMAL TRANSMITTANCE: BUILDING 

UAop equal to or less than UAo • • • • • • • • • • • • • EQUATION (53-5) 

WHERE: 

the overall thermal, transmittance of the proposed bui1~ing's 
envelope calculated as the average of the component Uo derived 
from Equation~ 2, 3, and 4 using the Uo value for each building 
component proportionally. 

UAop (Uopl x Al + Uop2 x A2 + ••• Uopn x An) 

UAo '= the overall thermal transmittance of the building envelope of the 

UAo 

and 

A2 

U0 2 

A2 

Uon 

standard design calculated as the average of the component Uo 
derived from the Uo values stated in Table 5-1. 

(Uol x Al + U2 x A2 + .•. Uon x An) 

the thermal transmittance of building envelope component 1 derived 
using Equations 2, 3, or 4 for the proposed building. 

the area ft 2 of the building envelope Uopl. 

the thermal transmittance of building envelope component 2 derived 
using Equations 2, 3, or 4 for the proposed building. 

the area ft 2 of building envelope component Uop2. 

the thermal transmittance of building envelope component n derived 
using equations 2, 3, or 4 for the proposed building. 

the area ft2 of building envelope component n. 

the thermal transmittance of building envelope component 1, as 
stated in Table 5-1. 

the area of building envelope component 1 for the proposed building. 

the thermal transmittance of building envelope component 2, as 
stated in Table 5-1. 

the area 'of building envelope component 2 for the proposed building. 

the thermal tranSmittance of building envelope component n as 
stated in Table 5-1. 

the area ft 2 of building envelope component n for the proposed 
building. 
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HEAT STORAGE CAPACITY 

HS D x SH x V •••••••••••••••• EQUATION (53-6) 

WHERE: 

HS Heat Storage. The heat storage capacity available inside the insulated 
space. 

V Volume of heat storage components. 

D Density of material inside the insulated shell of the building to a 
depth yielding a thermal resistance of R-l, except in the case of slab 
floors where only the slab itself is credited. Mass located in 
conditioned or unconditioned basements withut solar glazing shall not 
be counted. (lbs/cf). 

SH Specific heat of the material (Btu/bl/OF). 
The following quantities provide 10 Btu/OF or heat storage capacity. 

20 square feet of 1/2" gypsum board interior finish of interior walls 
and partitions. 

40 square feet of 1/2" gypsum board on the interior or exterior walls. 

1.5 square feet of 8-inch lightweight concrete masonry wall, insulated 
externally. 

1.5 square feet of 4-inch nominal concret~ slab floor with tile 
terrazzo, or plain finish. 
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Chapter 53 Conversion Equivalent Code 

Building Design by Prescriptive Requirements Method 

Sec. 5306. (a) General. The provisions of this chapter are applicable to 
low-rise dwellings and apartment houses. 

(b) Building Envelope Requirements. The building envelope requirements 
of this chapter may be met by installing one of the prescriptive packages in 
Table 53~0. All components shall comply with the chosen specification over 
their entire extent, i.e. all windows, all exterior doors, all exterior walls, 
all roof/ceilings, and all floors except as specified in this section • 
Installed components shall meet the following requirements: 

1. Roof/ceilings A. Ceilings below vented attics and vaulted ceilings 
shall be insulated to not less than the nominal R value specified in Table 
53-0. Where architectural barriers preclude the installation of the specified 
R Value, roofs/ceilings must be insulated to the maximum extent possible. 

B. Blown or poured loose fill insulation may be used in attic spaces 
where the slope of the roof is not less than 2-1/2 feet in 12 feet and there 
is at least 30 inches of clear distance from the top of the bottom chord of 
the truss or ceiling joists to the underside of the roof sheathing at the roof 
ridge. The surface of the installed blown or poured insulation shall be 
baffled. Baffles shall be of weather-resistant, rigid material capable of 
retaining the insulation. (See Uniform Building Code section 3205(c).) 

C. Adequate cross ventilation shall be maintained above all ceiling 
insulation by providing both low and high vents or gable end vents. 
Ventilation openings shall not be blocked by insulation. 

D. Attic access doors separating conditioned and unconditioned spaces 
shall be weatherstripped and insulation eqUivalent to the R value of the 
surrounding roof/ceiling/walls shall be attached to the back of the door. 

E. If mechanical equipment is installed in the attic, a catwalk 
passageway shall be provided to permit access·to the equipment without 
compressing the insulation. 

2. Exterior walls (Above grade). Above grade exterior walls shall be 
insulated to not less than the nominal R value specified for walls in Table 
53-D. The R value shall be the total value for insulation in stud cavities 
and/or insulated sheathing. Use of all insulation materials shall be 
consistent with the manufacturer's approved applications. 

3. Exterior walls (BeloW grade). 
surrounding conditioned space, such as 
insulated to not less than the nominal 
in Table 53-0. 

A. Below grade exterior walls 
conditioned basements, shall be 
R value specified for below grade walls 
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Chapter 53 Conversion Equivalent Code 

B. Insulation shall extend from the top of the wall to the top of the 
footing or floor slab. If installed on the exterior, the below grade wall 
insulation shall be protected and if exposed on the interior, it shall comply 
with section 1712 of the Uniform Building Code. 

4. Slab-on-grade floors. Slab-on-grade floors shall be insulated' along 
their perimeter, not adjoining conditioned space, to not less than che nominal 
R value specified for slab-on-grade floors in Table 53-0. Where architectural 
barriers preclude the installation of the specified R value, slabs must be 
insulated to the maximum extent practicable. 

B. The insulation shall extend downward from the top of the slab to the 
design frost line or a minimum distance of 24 inches whichever is greater. If 
the depth of the footing is less than 24 inches, then the insulation shall 
extend downward to the bottom of the slab or to the base of the foundation 
footing. Insulation shall be of an approved type. 

EXCEPTION: For monolithic slabs, the insulation shall extend downward 
from the top of the slab to the bottom of the thickened edge. 

5. Floors over unconditioned space. A. Floors over unconditioned spaces 
shall be insulated to not less than,the nominal R value in Table 53-0. 

B. A ground cover of 6 mil opaque polyethylene or other approved equal 
shall be installed in all crawl spaces. 

C. Crawl spaces shall be ventilated by openings in exterior foundation 
walls. Such openings shall have a net area of not'less than one square foot 
for each 150 square feet of underfloor areas. Openings shall be located as 
close to corners as practical and shall provide cross ventilation. (See 
Uniform Building Code Section 25l6(c)6.) 

6. Glazing. A. All glazing shall be at a minimum, double glazing. 
Insulating glass with at least 1/2 inch air space or approved storm sash shall 
be considered to comply with this code. 

B. Effective solar glazing. A passive solar building is required to have 
at least ten (10) percent of the building's gross floor area in glazing that 
meets the following specifications: 

1. The glazing area shall be oriented within 45 degrees of true south 
with a maximum of 60 percent between 31 and 45 degrees of true south. 

2. The glazing area shall be mounted at least 60 degrees up from the 
horizontal. 

3. The glazing shall have a transmission coefficient greater than or 
equal to 0.80 for visible light or 0.73 for total solar radiation for a single 
pane. The insulating glass unit shall have total visible light transmission 
equal to or greater than 0.67 and total solar energy transmission equal to or 
greater than 0.55. 
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Chapter 53 Conversion Equivalent Code 

4. Documentation in the form of a sun chart, photograph or other 
evidence, demonstrates that the glazing area oriented within 30 degrees of 
true south must receive direct solar exposure for at least 3 hours between 
10 a.m. and 2 p.m. solar time on January 21st and March 21st. 

5. Documentation in the form of a sun chart, photograph or other evidence 
demonstrates that the glazing area oriented between 31 and 45 degrees east or 
west of true south must not be shade for at least 2 hours between 9 a.m. and 
12 noon standard time if east of south, and 12 noon, and 3 p.m. standard time 
if west of south on January 21st and March 21st. 

6. The building or addition shall contain a heat storage capacity 
equivalent to at least 20 Btu/oF for each square foot of solar glazing when 
the qualifying area is between eight (8) and fourteen (14) percent of the 
gross habitable conditioned floor area of the building and at least 45 
Btu/OF for each square foot of solar glazing when the qualifying area 
exceeds fourteen (14) percent of the gross conditioned floor area of the 
building. This heat storage capacity shall be located inside the insulated 
shell of the structure and not covered with insulation materials, such as 
carpet, yielding an R value of 1.0 or greater. If the storage medium is not 
within the space containing the qualifying glazing, an acceptable natural or 
mechanical means of transferring the heat to the heat storage medium shall be 
provided. Where a mass- or water-wall is located immediately behind the 
glazing, the mass- or water-wall shall be considered as haVing an acceptable 
natural means of transferring the heat to other heat storage capacity within 
that space. Heat storage capacity shall be calculated using Equation 53-6 and 
accepted analysis methods. 

7. Opaque wall area covered with glaZing, such as mass- or water-walls, 
which meets all of the requirements of this subsection, shall be considered 
solar glazing. 

(c) Air Leakage. (Reserved) 

(d) Building Mechanical Systems. (Reserved) 

(e) Service Hot Water 'Heating. Residential electric hot water heaters 
shall be insulated with a thermal resistance of 16 (R-16). Additional 
insulation shall not, be required if the water heater has been certified by the 
manufacturer to have a standb~ loss no greater than 2.8 watts per square foot 
of external area. All storage tanks shall be placed on an incompressible, 
non-combustible, insulated surface with a thermal resistance of at least 10 
(R-IO). 

EXCEPTION: Where walls or other barriers prevent installation of R-16 
insulation, electric water associated tanks shall be insulated to the 
maximum extend possible. 
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TABLE NO. 53-A 
THERMAL PERFORMANCE CRITERIA FOR LOW-RISE RESIDENTIAL 

DWELLINGS CONVERTING TO ELECTRIC SPACE HEAT 

COMPONENT 

Walls 
Roof/ceiling 
Floors over unconditioned 

Space-Enclosed 
Exposed 

Slab-on-grade floors 
Unheated (R value) 
Heated (R value) 

GROUP R 
DIVISION 3 
(Uo Value) 

.20 

.028 

.08 

.035 

5.0 
8.0 

TABLES 53-B through 53-K 

(Reserved) 
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GROUP R 
DIVISION 1 
(Uo Value) 

.24 

.035 

.08 

.05 

5.0 
8.0 
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Chapter .53 Conversion Equi valent Code 

Piping 
System 
Types 

Heating and Hot 
Water Steam and 
Hot Water 

High Pressure 
Med. Pressure 
Low Pressure 
Low temp. 

Steam Condensate 
(for feed water) 

Cooling systems 
Chilled Water 

TABLE NO. 53-L 
MINIMUM PIPE INSULATION 

INSULATON THICKNESS IN 
INCHES FOR PIPE SIZES2 

Fluid 
Temp Run- I" 1.25" 2.5" 

Range Outs and to to 
(OF) 2,,1 Less 2" 4" 

306-450 1.5 2.5 2.5 3.0 
251-305 1.5 2.0 2.5 2.5 
201-250 1.0 1.5 1.5 2.0 
120~200 0.5 1.0 1.0 1.5 

Any 1.0 1.0 1.5 2.0 

40-55 0.5 0.5 0.75 1.0 

5" 8" 
to and 
6" Larger 

3.5 3.5 
3.0 3.0 
2.0 2.0 
1.5 1.5 

2.0 2.0 

1.0 1.0 
Refrigerant or Brine Below 40 1.0 1.0 1.5 1.5 1.5 1.5 

1 Runouts not exceed.fng 12 feet in length to individual terminal units. 

2 For piping exposed .to outdoor air, increase thickness by 0.5 inch. 

33 

. i 



------ ---~~-----~---~----

Chapter 53 Conversion Equivalent Code 

Occupancy 
Group 

A-l 
A-2 
A-2.l 

A-3 

A-4 

B-1 

B-2 

B-3 

B-4 

E-l 
H-l 

continued 

TABLE NO. 53-N 
LIGHTING POWER BUDGETl 

Occupancy 
Description 

Assembly w/stage: occupancy of 100 or more 
Assembly w/stage: occupancy of less ,than 1000 
Assembly wlo stage: occupancy of '300 or 

more other than B-2 and E 
Drinking and dining establishment 
Assembly wlo stage: occupancy of less than 

300 other than B-2 and E 
Drinking and dining establishment 
Stadiums, reviewing stands and amusement 

park structures not included in A or 
B-1; B-2 and B-3 

Gasoline and service stations: 
includes the office, waiting room and 
pump islands plus 5 feet on each side 
of the island 

Storage garages 
Office buildings, wholesale stores, 

municipal police and fire stations 
Retail stores and museums 

- less than 100 square feet 
- 1000 to 6000 square feet 
- 6000 to 20,000 square feet 
- over 20,000 square feet 

Drinking and dining establishments: 
load of less than 50 

Workshops using material not highly 
flammable or combustible 

Storage and warehouses 
Aircraft hangars 
Open parking garages 
Ice plants, power plants, pumping plants, 

cold storage and creameries 
Factories and work shops 
Storage 
Sales rooms 
Shipyard structures 
Schools and daycare centers 
Storage 
Handling 
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Lighting 
Power Budget 2 
(Watts/sq ft) 

1.1 
1.1 

1.1 
1.85 

1.1 
1. 85 

1.1 

2.0 
0.3 

2.0 

5.0 
4.0 
3.0 
2.0 

1.85 

2.0 
0.7 
0.7 
0.3 

1.0 
2.0 
0.7 
2.0 
0.7 
2.0 
0.7 
2.0 
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Chapter 53 Conversion Equivalent Code 

Occupancy 
Group 

H-2 

H-3 

H-4 

H-5 
I-I 
1-2 
1-3 

R-l 
R-3 

Storage 

TABLE 'NO. 53-N 
LIGHTING POWER BUDGETI 

(continued) 

Occupancy 
Description 

Handling, dry cleaning plants, paint stores 
Paint shops and spray painting rooms 
Warehouses 
Other 
Auto repair and body shops 
Paint spray booths 
Aircraft repair hangars 
Institutions 
Administrative support services 
Nursing areas 

Residential buildings 

Lighting 
Power Budget2 
(Watts/sq ft) 

0.7 
2.0 
2.5 
0.7 
2.0 
2.0 
5.0 
2.0 
2.0 
2.0 
2.0 

Exempt 

1 In case of an occupancy not specifically mentioned above, the lighting 
power budget in watts per square foot shall be determined by the Building 
Official based upon the budget for the most comparable occupancy specified. 

2 Watts/ft2 of room may be increased by two (2) percent per foot of height 
above 20 feet. 
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TABLE 6-1 

PRESCRIPTIVE REQUIREMENTS FOR ALL GROUP R OCCUPANCY RESIDENTIAL 

BUILDINGS CONVERTING TO ELECTRIC SPACE HEAT 

Component 

BUILDING ENVELOPE 

Minimum Nominal R Value 

Roof/ceiling 
Above grade walls 
Below grade walls 
Slab-on-grade floors 
Floor over unconditioned space 

GLAZING 
Type 

PACKAGE 

A B 

Well Passive 
Insulated Solar 

R-38 R-30 
R-ll R-ll 
R-ll R-ll 
R-5 R-5 
R-30 R-19 

Double Double 

C 

Heat 
Pump 1 

R-30 
R-ll 
R-ll 
R-5 
R-19 

Double 

1 Heat Pump shall have a heating season performance factor (HSPF) of at 
least 6.8 
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